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* PLASTICITY FOR INTRICATE SHAPES 


This movie film developer reel required a material that 
could be fashioned into delicate, intricate design, and 
could withstand the action of developing chemicals. 
Durez did it... economically. Notice the imbedded 
inserts, the minute accuracy which was required for 
the thread of the film through the reel. 
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* CHEMICAL INERTNESS This Telephone Sa 
tator presented a material-selection problem. The t 

contains chemicals which damaged most materi 
But after months of constant contact they 

zat all. Large drug manufacturers spec- 
ify Durez for closures because their own chemists’ 
tests proved Durez to be most chemically inert. 
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* STRUCTURAL STRENGTH ~* BEAUTY Durez’ smooth, lus- 
This Bates Numbering Machine, trous finish is obtained right in the 
molded of Durez, takes a terrific molding process. Man 
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* DIELECTRIC STRENG 


The use of Durez for case and arm 


is available ina 
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mounting on this precision resistor 
saved assembly costs and made 


possible improved design. Because 
of Durez’ high dielectric stren it 
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-+- YOU'LL FIND IT IN VERSATILE DUREZ! 


We'll be glad to send you complete information on how Durez can help solve your own partic ular 








production problems. Write, General Plastics, Inc., 706 Walck Road, North Tonawanda, New Y ork. 
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Coming Issues 


In the August number we present 
the first of our articles on light- 
weight construction—the pros and 
cons of magnesium alloys as re- 
flected by the experiences of engi- 
neers who have used the metal. 


One of the vexing problems in the 
selection of electric motors is to 
figure WR, A short article will 
explain the why of this factor and 
how it is calculated in the simplest 
terms 


Other forthcoming articles will 
deal with motors and controls, im- 
pact extrusion of aluminum, design 


ot gear trains and a presentation 
ot t problem of grease versus 
oil |ubrication for  anti-friction 
bearings. 
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Invention Clearing House 
Propuct ENGINEERING 
NEW YORK 


Several years ago I heard a statement 
that left a strong impression on me, It 
was to this effect: “We are now in the 
machine age, we are going into the mental 
age, and from the mental age we will go 
into the spiritual age.” 

Having an inventive turn of mind, and 
having made philosophic inventions over a 
period of years, I have concluded that a 
system should be established to hasten the 
coming of this spiritual age. With this 
system highly developed, ideas could be 
sent in to a central point for automatic re- 
search and adoption or rejection depending 
on whether they were an improvement over 
existing products or methods. 

If this proposed system were a reality 
today I would turn in the following ideas 
for consideration: A milk plant without 
cows (this idea occurred to me about 20 
years ago); Two meals a day, prepared in 
a central kitchen under sanitary conditions, 
with about as many styles and sizes as we 
have today, each meal to be packed indi- 
vidually and delivered to the consumer at 
meal time; Babies to be born in bottles 
and raised in central scientific institutions 
in order to improve the race (I think that 
no child can receive the best bringing up 
under present conditions, and that means 
must be worked out to associate the right 
adults and the right children); A highly 
efficient and foolproof system to mate folks 
to marry; Wearing apparel styles founded 
on moral principles; Scientifically designed 
houses built as automobiles are built and 
transported through the air to destination. 

I realize that most of these ideas would 
look like some old one-lungers if they were 
put through the proposed system. But as 
it is well to know what we are doing in 
advance, lest we produce another Russia, 
some of these ideas may not be so bad to 
start with. Product Engineering and the 
system our President has for handling his 
mail look to me like forerunners of this 
system. It seems to me we are about as 
far along now with our development of it 
as were our present electrical devices 100 
years ago. But our progress momentum 
is accelerating. 

bee 4 

HO says invention is on the 
wane? The foregoing brief ex- 

tract from a long letter is sufficient 
proof. We are withholding the name 
of the correspondent because some parts 
of the proposed system do not seem to 
be entirely worked out. His ideas, how- 
ever, are certainly anything but one- 
lungers. They impress us more as 
multi-cylinder, automatically function- 


i, Intimate Correspondence 


ing mechanisms of a high order of 
development—babies in bottles, for 
instance. 

As for Product Engineering, it is flat- 
tering to be looked on as a forerunner 
of the spiritual age, but we question if 
we are even ready for the mental age. 
Most of our thoughts and most of the 
things we print are still pretty closely 
tied up with machinery and the me- 
chanical age. After all, there are some 
parts of that age that don’t seem to be in 
such good control. 


“His Master’s Voice” 
Propuct ENGINEERING 
NEW YORK 


Would you send me six copies of the 
reference sheet published in May, 1934 
number? Mine is borrowed so often at 
the office, that the darn thing is going to 
be all worn out before it finds out who 
owns it. This may sound strange for the 
engineering department of a manufacturer 
of all-metal airplanes but the beam and 
torsion charts are excellent for a quick 
check before rigorous analysis is gone into. 

Thank you. 

Howarp FIE Lp, Jr. 


Los Angeles 


W 5 would, and did, with pleasure. 
But it looks, from this distance, 
as though that engineering department 
ought to have another subscription or 
so. The matter has been referred to 
our circulation manager. 


Springs 
Propuct ENGINEERING 
NEW YORK 

If possible, we would like to obtain two 
reprints of the article entitled “Charts for 
Obtaining Spring Dimensions Directly,” 
as given in the June issue of Product En- 
gineering. Please send these, together with 
any charges, to the attention of the writer. 
E. 2. LILJA 
Barber-Colman Company 


A* stated many times on this page 
there is no charge for clippings of 


pages wanted for reference files. It is 
only fair to observe, however, that the 
supply is limited and that we have to 
resort to photostats, for which there is 
a small charge, after the clippings are 
used up 





Page 2 Reader 
Propucr ENGINEERING 
NEW YORK 
We would like to take advantage of 
offer made on page 2 of Product Enginee) 
ing for June, 1934, in which you say that 
you are in position to supply clippings 
articles appearing in this magazine without 
charge. We would like to have “Charts 
for Obtaining Spring Dimensions |): 
rectly,” which begins on page 215 of the 
June issue. 
W. L. CHANDL! 
The Fulton Sylphon Compa 


Another One 
Propuct ENGINEERING 
NEW YORK 

We would like to secure clippings of the 
articles entitled “Charts for Obtaining 
Spring Dimensions Directly,’ and als 
“Determining the Critical Speeds of Shait- 
ing.’ The two above mentioned articles 
appear in the June issue of Product En 
neering, pages 215 and 221. 

According to the articles contained on 
page 2 of the same issue, the clippings of 
these articles will be furnished gratis upot 
request. We would therefore appreciate 
your forwarding these clippings, marked 
for the writer’s attention. 

W. H. Ryan 
Kimberly-Clark Corporat 


ESSRS. Chandler and Ryan were 
umong the early inquirers for 
clippings of the spring articles so the) 
got them. But the warning above 
should be heeded. The supply really is 
limited. 


Whole Issue 
Propuct ENGINEERING 
NEW YORK 


We have just read with a great deal o! 
interest the article appearing in the June 
1934 issue of Product Engineering by C. H 
Leis, Chief Engineer, Johnson Bronze 
Company, entitled “Bronze Bearing Al- 
loys—Their Properties and Applications 

Will you be good enough to send us 
copy of this issue for our files? 

Thanking you. 


O. L. Downs 
The Superheater C 


E can even take care ol lew 
requests for whole issu¢ ut 
here, too, the supply is limited becaust 


our list of paid subscribers is growing 
so fast that it is hard to keep ugh 
copies on hand to supply new 01 
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How Do You Make 
Your Inquiry? 


NGINEERS of motor manufacturers who 

are called upon to recommend motors for 

their prospects and customers seem to be in 
unanimous agreement that it is almost impossible 
to get mechanical designers to present their motor 
inquiries intelligently. It seems that although the 
product engineer will insist upon ail the facts rela- 
tive to the mechanical problem before he makes his 
decision, he expects the electrical engineer to sense 
motor requirements with only meager or even un- 
reliable information about the application. 


Interviews and correspondence with about fifty 
motor manufacturers compel the conclusion that 
they are quite justified in their complaint about the 
unsatisfactory manner in which product engineers 
make their motor inquiries. Indeed, it was the re- 
suit of such an investigation that impelled us to 
devise the Motor Inquiry Form that appeared in 
our April number and was reprinted for free dis 
tribution among our readers. 


Going further into the problem we investigated 
the manner in which engineers made their in- 
quiries for motor controls, chain drives, gears and 
similar parts. Almost invariably we found the 
same situation. Information pertaining to oper- 
iting conditions, speeds, direction of rotation, 

aximum loads and similar facts is usually lack- 
ng or incomplete when the inquiry is made. 


It is hard to understand why so many engineers 
ho pride themselves on technical accuracy, and 
ast that all their conclusions are based on facts, 
ll transact business in a_ slip-shod manner. 
ere are those who will demand every scrap of 
ulable information before they proceed with 
design of their product. And then they make 
ulries for “a quarter horsepower 1,800-r.p.m. 
tor.” and let it go at that. 


le ironical feature of this whole situation 1s 


that any failure of a product because the wrong 
part or material was used does not reflect on the 
manufacturer of the part or material, but is a black 
mark against the engineer who designed the prod 
uct. For his own pri ‘tection, the pre xluct engineer 
should at all times give fuil detailed information 
when he makes his inquiries. 


Apprenticeship Needed 


ECOGNITION of the importance of ma- 

chine design in college courses is rapidly 

increasing. A movement instigated by Prof. 
Frank L. Eidmann of Columbia has resulted in 
the formation of a Machine Design Division in 
the Society for the Promotion of Engineering 
education. At the convention of this Society 
held at Cornell during the week of June 18-23, a 
meeting of the Machine Design Division was at- 
tended by more than fifty professors representing 
colleges scattered ail over the country. 


A paper by Prof. E. S. Ault of Case School 
of Applied Science ably presented the question of 
advanced courses. In both the formal and in- 
formal discussion following this paper it became 
evident that the professors were concerned more 
about their present undergraduate courses rather 
than contemplated advanced courses. Product 
engineering is going ahead so rapidly that it is 
difficult to keep courses abreast of the times. This 
is further complicated by the limited time available 
for teaching. 


It has been suggested to adopt the European 
system of requiring several years apprenticeship 
in engineering before the student is allowed to 
enter college or university. Such a requirement 
would be a long step in the right direction. It 
would make the student better prepared to master, 
and would give the colleges more time to teach, the 
fundamentals of engineering. It is with respect 
to fundamentals that the American graduate is 
sadly lacking when compared with the Europeans. 















Light-Weight Design With 


Shot-l¥ elded Stainless Steel 


Explaining the shot-welding of stainless steel sheets 


and the principles used in the design of members and 


structures made of formed sheets joined by welding 


OLONEL E. J. W. Ragsdale, chief engineer 
of “Hi-Tensile Division” of the Edward G. 
Budd Manufacturing Company, is credited with 
the statement, “Weight reduction can usually be pro- 
cured in the same design merely by the substitution of a 
lighter material. But light-weight design signifies a 
more efficient disposition of a better material with full 
advantage being taken of the physical properties of that 
material and the methods available for its fabrication and 
assembly.” And as pointed out by Albert Dean, struc- 
tural car designer of the same company, “Airplane struc- 
tures of approximately the same size, weight and stiff- 
ness can be designed to be made of spruce, aluminum or 
alloy steel. For each material certain design principles 
and methods of construction must be adopted.” 
For given load conditions and cross-sectional area of a 
structural member, its strength and stiffness will be de 





Based on interviews with engineers of 
the Edward G. Budd Manufacturing 
Company. The second and conclud- 
ing installment of this article will be 


published in the August number. 


termined by the disposition of the material, the yield 
point of the material, its modulus of elasticity and the 
method used to join the parts of the member and connect 
the member to other members of the structure. In 
some members, such as beams, stiffness will be the 
dominating requirement, which may result in_ the 
strength being far greater than necessary. Members 
that will always be in tension are designed solely for 
their area, while those that may be subjected to bot! 


Fig. 1 — All struct 
members in this car frame, 
the rear section of the 
Burlington “Zephyr, are 
made of formed stainless 
steel sheets joined by 5 
welding. Below the wir- 
dow openings can be scen 
the aluminum foil used fo! 
heat insulation 
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ig. 2 — Photomicro- 
graphs (40%) of the 
ross-section through 
spot welds, showing 
how fusion progresses 
from the contact sur- 
face between the sheets 
to the outer surfaces. Al 
1 is shown the begin- 
ning of the fusion..... 


tension and compression by reversals of loading must 
be designed for both area and column stability. 

With reference to the methods used to build up and 
join members for light-weight design, it is generally 
recognized that there are many advantages in using 
welding. It makes possible a better distribution of 
stresses and with welded joints it is easier to avoid 
eccentric loading. Also, welding does not involve the 
addition of useless material, such as rivet heads. 

Stainless steel, 18 Cr-8 Ni, makes an excellent ma- 
terial for light-weight construction. It does not respond 
to a hardening heat-treatment, hence welds of this ma- 
terial are ductile and tough. The strength and hard- 
ness of the material are increased by cold working, an 
ultimate strength of 150,000 Ib. per sq.in. and a yield 
point of 120,000 Ib. per sq.in., with an elongation of 
12 per cent being readily attainable. And, because the 
material is corrosion resistant, additional thickness need 
not be provided to take care of rusting. 

Up until about four years ago the use of 18-8 stain- 
less steel for light-weight design was greatly hindered 
because there was no available method of welding the 
material without impairing or destroying its corrosion 
and fatigue resisting properties. It was not until the 
development of the shot-welding process by engineers 
of the Edward G. Budd Manufacturing Company that 
there Was available a method of commercially welding 


18-8 stainless steel without in any way impairing its 
strength or corrosion-resisting properties. 
Loss of corrosion resistance in stainless steel welds, 


as explained by Dr. Leiter of the Budd Company, is 
brought about by the precipitation of chromium car- 














but not fa 
enough to make a good 


sheet, 


weld. C shows a normal 
weld and D shows too 


much fusion 


Fig. 3—Beyond certain 
values of W/t, a column 
will fail by local buck 


ling 


bide at the grain boundaries when the metal is exposed 
to a critical temperature. This precipitation begins at 
a slow rate when the metal has reached some 900 deg. 
I. and progresses at a faster rate as the temperature 
increases to about 1,500 deg. F. One would infer that 
because of the low carbon content of the steel, only a 
small amount of carbide would be precipitated. But 
the carbon combines with about eight times its weight 
of chromium, this accounting for the relatively large 
amount of chromium carbide that will be precipitated. 
And by this precipitation, the metal adjacent to the 
grain boundaries will be robbed of its chromium. As 
it is the chromium that makes the metal corrosion re 
sisting, the metal at the grain boundaries if impover 
ished of its chromium will be readily attacked by acids 
and other corrosive media. Corrosion will progress 
along the grain boundaries until nothing remains of 
the metal except a crumbly mass of loosely held to 
gether grains. 

After much painstaking experimenting and _ study, 
engineers of the Budd Company arrived at a solution 
of this problem that is amazing in both its simplicity 
and effectiveness. The first step was a study of the 
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speed of precipitation of the chromium carbide. — It 
was found that this was sufficiently rapid to cause 
trouble in the then existing types of welding. 

In the photomicrographs in Fig. 2, is clearly shown 
how the spot-welded “ingot” develops, the fusion tem- 
perature first being reached in the plane about midway 
between the points of the electrodes. Fusion tempera- 
ture is reached at this mid-plane first, whether the elec- 
trodes are gripping a single sheet or two overlapping 
sheets. But in the latter instance, the somewhat higher 
electrical resistance at the boundary surface between 
the lapped sheets develops heat at a faster rate, causing 
the “ingot” to mushroom as shown in the photo- 
micrographs. 

The reason for the “ingot” starting in the mid-plane 
between the two electrodes is explained by the rapid 
heat losses at the areas contacted by the electrodes. 
This keeps the metal at the surfaces cooled, thereby 
establishing a gradient of increasing temperature 
toward the middle of the sheets, or the point midway 
Several factors will de- 
termine the steepness of the gradient, the main factors 
being the size of the spot-welding electrodes, the mag- 
nitude of the spot-welding current and the electrical 
resistance in the path of the welding current. One 
favorable factor for the establishment of a high tem- 
perature gradient in the welding of stainless steel is 
its relatively high electrical resistance. This causes heat 
to be liberated in the metal at a much faster rate than 
would be possible with the same current density in plain 
carbon steels, allowing a correspondingly shorter weld- 
ing time. 


between the two electrodes. 


From the foregoing it is evident that if the metal 
forming the spot-weld “ingot” is brought to the fusion 
temperature with great rapidity and then cooled rapidly, 
there will not be time for the precipitation of chromium 
carbide. This is exactly what is accomplished in the 
Budd “shot-welding’”’ process. By the automatic con- 
trol of the duration of a predetermined intensity of 
spot-welding current, the weld “ingot” is formed and 
cooled in a minimum time and the zone of fusion tem- 
perature is controlled so that the “ingot” penetrates to 
a depth of from 50 per cent to 80 per cent, as may be 
desired, of the thickness of the sheet. 
requires a high welding current for a definitely timed 


This process 
short interval. 


Properties of Stainless Steel Shot Welds 


When the weld has been completed by the shot-weld- 
ing process, the metal forming the weld “ingot” has 
been subjected for such a short time to a tempera- 
ture in excess of 2,500 deg. F., that there has been no 
time for an appreciable precipitation of chromium car- 
bide. The metal at a distance of one sheet thickness 
or more beyond the “ingot” never reaches the tempera- 
ture at which chromium carbide begins precipitating. 
Therefore the narrow band surrounding the ingot has 
been exposed to the critical range for such a short time 
as to be practically unaffected and the finished weld 
will be as corrosion resistant as the parent metal. This 
has been substantiated by innumerable tests in_ the 
laboratories of the Budd Company and elsewhere. 


Concerning the properties of a properly made shot 


weld. because the 18 Cr-8 Ni steel remains austenitic 










from the molten state down to room temperature, the 
shot-weld “ingot” will be as ductile as the parent m: tal 
in the annealed state. This is strikingly illustrated by 
joining two strips with a single shot-weld. The strips 
can then be twisted 90 deg. to 180 deg., depending 


on weld size, with respect to one another without break- 











ig. 4—Post sections using a_ flanged 
channel for the basic section. The addi- 


tion of shallow channels and flat strips as 
? 


shown at B, C and D> successively in 


creases the strength 


ing the weld. The shear strength of the weld will be 
about 90,000 Ib. per sq. in. 

Development of the shot-welding process for. stain- 
less steel has opened an entirely new field of possi 
bilities in the use of this material for structural desigt 
Structural members can be fabricated from relativel 
thin sheets which are first bent or drawn to the desired 
shape and then shot-welded together. And because the 
designer is not restricted to the use of standard shapes. 
as when using hot-rolled sections, he is free to desig 
the member to whatever shape will give him the re- 
quired strength and stiffness with minimum materia 

A column or compression member formed out of 
flat sheet, as shown in Fig. 3, can be considered as 
being composed of a number of flat sheets supporting 
one another along longitudinal edges. The resistance 
of such flat sheets to buckling varies inversely as t! 
width of the sheet and directly as its thickness, the rati 
of the unsupported width of the flat sheet to its thick 
ness being designated as the flat pitch. As the flat pite! 
increases, the buckling stress will be lowered. 

In the design of all columns, in order to minimizé 
the column effect the largest possible radius of ¢yra 


tion must be employed. In the types of column. de- 
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ed here this can be obtained by bending a relatively 
thin sheet to form a large section. But care must be 
taken to avoid flat surfaces having a flat pitch so large 
that local failure will occur through buckling of a flat 
surface at a load considerably less than the theoretical 
column strength. For every design of column there 
will be a maximum flat pitch beyond which the column 
fail by “crinkling’” of the flat surface rather than 
failure of the column as a unit. 

Failure by crinkling of a “flat’’ is caused by elastic 
deformation. All elastic deformation is inversely pro- 
portional to the product of the effective moment of 
inertia and the modulus of elasticity (the effective E/ 
value) of the part affected. Therefore, to increase the 
strength of a given flat against crinkling, the moment 
of inertia of the flat must be increased. This can be 
done by welding on an extra flat piece, as for local 
reinforcement, or welding an angle section to the flat 
element. Both the area and the moment of inertia will 
be increased thereby, thus not only increasing the ef- 
fective EJ value, but also decreasing the unit stress. 

Another method 6f increasing the strength of a 
column against failure by the crinkling of a flat surface 
is to break up the flat surface by means of grooves. 
By breaking up the flat surfaces in this manner, the 
flat pitch is decreased without increasing the thickness 
of the metal at any point. 

One important precaution is that where a stiffening 
angle or groove is used, the elements of the composite 


Fig. 5—Column — sections 
developed from shot- 
cvclded 


sheets, wherein grooving 


stainless steel 


is used in order to de- 
rease the flat pitch 
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flat width must have a flat pitch in themselves not 
higher than the equivalent flat pitch of the composite 
element. Thus, the flat pitch of the outstanding leg 
of an angle can be considered with sufficient accuracy 
as twice the flange width divided by its thickness. 

In the design of shot-welded members and structures 
certain general rules and precautions which follow 
riveting practice must be observed. Welds should be 
located in the middle of the flanges, and more than two 
planes should not be welded with a single piece. Welds 
in tension or under a peeling action should not be used 
and thin flat sheets that might drum or feel flimsy 
should be avoided. If a thicker sheet is not desired, the 
thin sheet can be corrugated or reinforced. 


Typical Built-up Columns 


Perfect nesting fits cannot be obtained from parts 
bent on a brake, therefore the design should avoid such 
requirements unless drawn sections are used. Where 
carbon steel or aluminum will come in contact with the 
stainless steel, a protective insulation of paint should 
be specified. This also applies to plated parts as well 
because stainless steel is electropositive to most other 
materials and will corrode the others by electrolysis. 

With reference to the drawing room practice, the 
minimum number and strength of welds should be 
noted for all joints and should also be indicated on 
the assembly drawing. 

Applying the principles of design relative to flat pitch 
surfaces and after determining the desired strength and 
spacing of shot welds, various shapes of drawn. sec- 
tions can be designed for posts or columns, or sections 
can be combined to give columns of the required 
strength or stiffness. Using stainless steels, extra 
thickness is not required to provide for rusting. And 
because the flat sheet can be bent into any desired 
shape, the designer is not restricted as in the case of 
rolled steel, to the use of standard sections. 

A simple type of post or column section is shown in 
Fig. 4. The addition of a shallow channel to the basic 
section materially increases the strength of this column 
against local loads. The embossing of the cover plate 
not only increases its stiffness, but also serves as a gage 
in the fabrication. At C and PD in Fig. 4 are shown 
two further developments. 

In Fig. 5 is illustrated a series of column sections 
built up with modified channel sections and flat rein- 
forcing plates. At A is shown the channel section with 
a V-groove along the center of the flat, the purpose of 
this groove being to reduce the flat pitch of the element. 
The addition of the grooved channel section as shown 
at 6B supports the flanges of the basic section, and in- 
creases the cross-sectional area. In the composite sec- 
tion shown at C the area has been increased further 
and the flat pitch of the flanges of the basic construc 
tion has been cut in half, resulting in a greater pro- 
portional increase in the strength of this section when 
used for short columns. At D and E are shown how 
the addition of flat plates further increases the strength 
of the column. When this section is used as a column 
it is given lateral support at short intervals where pos- 
sible, thereby cutting down the column length and thus 
permitting higher working stresses 





PRODUCT DEVELOPMENTS 











® Plastic Molded 
Door Bumpers 


After tests in laboratory hot rooms 
and cold rooms to determine any ef- 
fect of heat and cold on assemblies, 
and after extensive road tests 
conducted on automobile proving 
grounds, molded bumper shoes in the 
door dove-tail assemblies have been 
adopted for several makes of cars. 

This development grew out of the 
search by automobile engineers for 
a door bumper casing assembly that 
would be free from squeaks and 
rattles for the life of the car, with- 
out oiling or greasing. Previously, 
the entire assembly had been made 
of metal, which wore relatively 
rapidly and = permitted excessive 
play that caused rattling. 















Plastic molded door bumper design now being 


applied to automobile bodies. 


a special molding compound impregnated with 


gi aph Ite ls used 


It is a peculiarity of synthetic 
plastics that when in contact with 
wearing surfaces of metal, as in 
gear trains, there is a marked re- 
duction of wear on both materials. 
Preliminary tests duplicating the 
impact and friction of door bumper 
shoes against the wedge plates 
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To reduce friction, 


showed a similar reduction in wear. 

In developing the first molded 
shoes, the fabricator, Chicago 
Molded = Products Corporation, 
found that graphite could be incor- 
porated into the molding powder to 
further reduce the coefficient of 
friction and ease the entry of the 
wedges. <A special type of extra- 
strength Durez molding compound 
was decided upon after tests. 


® Photocells for 
Temperature Control 


In the latest designs of the Ber- 
wick electric metal heaters manu- 
factured by the American Car & 
Foundry Company, four of which 
have been installed in one of the 


Photocells are used 
to automatically con- 
trol temperatures in 
the Berwick electric 


metal heater 
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leading automobile plants for mak- 
ing drag links, photocells are used 
to automatically control the temper- 
ature to which the metal is heated 

As can be seen in the accompany- 
ing illustration of a three-electrode 
heater, a photocell is mounted above 
each of the heating units so that 
the light from the metal being 
heated will be projected upon the 
light-sensitive cell. In operating the 
heater a piece of steel is put in the 
machine and heated to exactly the 
desired temperature as determined 
by an optical pyrometer or other 
suitable means. The photo-electric 
control unit is then adjusted to con- 
trol the current supply to the heat- 
ing electrodes so that the metal will 
be heated to that temperature. Ac- 
cording to tests, the photo-electric 
unit automatically controls the tem- 
perature within a variation of a few 
degrees. 

Because the operator is entirely 
relieved of the necessity of paying 
attention to the temperature to 
which the stock is being heated, and 
because of the accuracy of the 
photocell control, the stock is al- 
ways heated to the same tempera- 
ture. Breakage of forging dies be- 
cause of underheated — stock 1s 
avoided, and there are no_ losses 
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The latest Elwell-Parker electric truck has one motor 
to drive the truck, a second one to operate the plat- 


: he- form hoist and a third to push or pull the load off or 


is on the truck platform 


ySS@s 


overheated or burned stock. 

\nother advantage of the electric 
heating is that less scale is formed, 
resulting in longer die life and 


smoother forgings. 


trom 


cs Pr e ry 
Electric Truck Has 
Compensating Wheels 
Two noteworthy features charac- 
terize the latest electric truck de- 
signet and built by The Elwell- 
Parker Electric Company for a De- 
troit automobile body plant to han- 


dle 25-ton body dies. One of these 
features is the complete electrifica- 
ton and control of the truck, and 
the er is the design of the rear 


whee| mountings. 
In addition to the motor for driv- 
truck, there is another one 






for raising and lowering the plat 
form and a third one for the die 
pulling unit for loading and unload- 
ing the truck. 

The motor for raising and lower 
ing the load platform drives a hoist 
drum through a worm and gear and 
heat-treated spur gears. From the 
hoist drum a 4 in. plow steel cable 
runs over sheaves at the top of the 
elevator uprights and then down to 
the elevator carriage assembled in- 
tegral with the load platform. 
Safety limit switches prevent over 
travel of the platform and electro- 
mechanical automatically 
hold the load in any position when 
the power to the motor is shut off. 

To compensate for unevenness of 
the floor over which the truck is 
operating, an unusual design of rear 
axle mounting was developed. All 
four trail wheels must steer simul- 


brakes 
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mounted on a 
one-piece axle casting. A horizon- 
tal rocker shaft runs through the 
center of the axle casting, perpen- 
dicular to the axles. The rocker 
shaft in turn is mounted in a cast 
steel trunnion and is free to rotate 
about an axis parallel to the wheel 
axles. Thus the axle casting is free 
to swivel about a_ horizontal 
parallel to the wheel axles and also 
a horizontal axis vertical to the two 
wheel axles. 

With the 


scribed, the action of the wheels in 


taneously and are 


axis 


axle construction de- 
going over rough places is some- 
what analogous to the action of the 
wheels on the equalizing trucks 
railroad cars. With this 
type of construction the amount of 
vertical rise of the truck body re- 
sulting from a wheel going over a 
bump is only half as much as would 
occur with a plain swivel truck. 

To reduce the unit floor loading, 
each of the four trail wheels are 
equipped with two 18 x 12 in. solid 
rubber tires. 


used on 


© Safety Gear 
for Axle Generators 


To protect against the contin- 
gencies of a “jammed” generator 
axle or “jammed” gear and pinion, 
the General Electric axle-mounted 
generators are provided with a 
This gear is de- 
signed as shown in the illustration 
so that in the event of the generator 
armature 
sively overloaded, or if the gears 
are jammed, the axle is freed from 
the gear and continue to rotate. 

In its normal operating position, 
as shown in the accompanying fig- 


gear. 


“safety” 


locking or being exces- 


Gear teeth -Loadiing spring 
Ejector spring 
w-Ljector pin 
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for replacing balls, 





Design of safety gear to automat 


cally free the gear from its axle in 


case of overload 


ure, there are six ball and spring 
assemblies located in as many pock- 
ets in the rim assembly and spaced 
equi-distantly around the center. 
Under normal operating conditions 
the balls are held against and in the 
sockets that are machined in the 
arms of the hub. The character- 
istics of the spring and the design 
of the sockets and balls are such 
that the unit will not shear because 
of any coupling shock load that the 
car structure can withstand, but will 
separate if the slipping point of the 
wheels is approached. This last 
condition is such as would occur 
with a locked armature. 

In the event of a mechanical fail- 
ure in the generator or its gearing, 
tending to prevent rotation of the 
car wheels, the shearing effect of 
the hub arms on the balls forces 
the balls in against the springs, 
thereby permitting the hub to turn 
free of the gear rim. The auxiliary 
spring insures removal of the balls 
from the cups after the balls have 
been forced out of the hub sockets 
by excessive torque. 

The seats on the hub member on 
which the gear rim rests in normal 
service are so designed that when 
the balls have been dislocated, the 
gear rim moves to the ring and 
downward, with the gear face rest- 
ing on the gear case and clear of the 
rotating hub. The gear is, thereby, 
inherently ‘“‘trip-free” in its opera- 
tion and hence no renewal of parts 
is necessary after running for long 
periods with the balls displaced. 
Adjustment of the “pull-out” value 
of the gear can be obtained, if de- 
sired, by varying the position of 
the plugs in the gear rim sockets, 
which is simple to do. 


® Fireless Locomotive Has 


IV elded Insulated Tank 


In the locomotives” 
shown here, designed and built by 
the Heisler Locomotive Works, the 
“boiler,” or tank as it is more prop- 
erly called, is filled about + full of 
water. Steam at about 100 Ib. per 
sq.in. pressure, or higher, is then 
injected below the water line, heat- 
ing the water to the boiling temper- 
ature and raising the pressure to 
equal that of the injection steam. 
The heat energy thus stored in the 
water and in the material of the 
tank 1s then used to drive the loco- 
motive. 


“fireless 


The locomotive has large 
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cvlinders and small driving wheels 
so that relatively low steam pres- 
sure in the cylinder will give the 
required tractive effort. 

Steam is admitted to the cylin- 
ders through a conventional throt- 
tling valve. As the steam pressure 
in the tank drops the boiling iem- 
perature of the water drops corre- 
spondingly and steam is generated, 
using the heat stored in the water. 
Thus boiling continues until the 
decreasing water temperature and 
increasing steam pressure and tem- 
perature are again in equilibrium. 

In order to minimize radiation 
losses, the storage tank of this loco- 
motive is insulated with magnesia 
blocks 2 in. thick, wired in place. 
The ends of the tank are protected 
with loose rock wool, the whole 
tank being encased in a sheet-iron 
jacket. Test data show the pressure 
drop because of heat radiation losses 
is approximately one Ib. per sq.in. 
per hour. 

One of the problems in this de- 
sign was to design a boiler that 
would not develop leaks. Because 
of the insulation and the steel jacket 
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leaks would not become evident u 
til after much damage had_ be 
done to the insulation. 

Because of importance of guar 
ing against possible leakage it w: 
decided to abandon the convention 
riveted tank and developed:a weld 
one. The all-welded tank picture 
here was designed. It is 69 in. 
Ciameter and is safe for a workin 
pressure of 215 Ib. per sq.in. 
was built by Struthers-Wells Cor 
pany, using the Lincoln shielded a 
process. 

In order to further increase tl 
efficiency of the locomotive — the 
driving axles are mounted in Tn 
ken tapered roller bearings. 


®!’-Belt Drives for 


V eneer Driers 


In their new design of veneer 
driers, the Merritt Engineering & 
Sales Company, Inc., use a V-belt 
drive, the same type of drive being 


recommended for their motor- 





Fireless locomotive which gets its steam from heated waiter 


carried in its welded tank. Small driving wheels and large 


cylinders give large tractive effort at low steam pressure 
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driven veneer lathes. Quoting 
kichard W. Stanley of the engi- 
neering department of Merritt En- 
eneering & Sales Company: 

‘For the main spindle drive from 
motor to drive shaft, silent chains 
have proved quite — satisfactory. 
With the advent and broadening ap- 
plication of multiple V-belt drives, 
certain advantages in their use have 
heen demonstrated. 

“Probably the most outstanding 


















that 
can be shifted while in opera- 
tion, fan silencer and positive 
lubrication are features of the 
Link Belt Company's new 
domestic stoker 


Five-speed transmission 


alvantage of the multiple V-drive, 
over the silent-chain drive, lies in its 
more natural adaptability to the 
service imposed by the multi-speed, 
constant-horsepower type of motor. 
With this motor it is required to 
design the drive within reasonable 
limits of pitch-line velocity when the 
motor Operates at its highest speed 
and, conversely, the belts or chain 
must be designed for sufficient 
Capacity to transmit the full motor 
overioad rating with the motor run- 
Ning at its lowest speed, which is 
usu one-third of the top speed. 


In ilent-chain drive for veneer 
lat! ind driers these requirements 
at limit the top motor speed 
to 1.200 r.p.m. and make the 
Use in oil-tight housing impera- 
live 

ultiple V-belt drive, on the 
othe nd, can still be designed for 
sum capacity at the low speed 
— it exceeding the limits of 
alloy 


helt velocity at the high 


> 











polished aluminum sheets 











Arc welded rotary drum dryer built by Struthers 
Wells Company with stainless steel main shell and 
high-carbon steel heads insulated and lagged with 






V-flat drive used on the new design of veneer driers de- 
veloped by the Merritt Engineering and Sales Company 


In addition, the use of mo- 
tors having a top speed of 1,800 
r.p.m. instead of 1,200 r.p.m. can 
now be used, permitting a substan- 
tial saving in the initial motor cost. 
Furthermore, the usual reduction 
ratios, lying between 3.75 and 5.0 
to 1, permit the use of a V-flat 
drive, the grooveless driven sheave 
further reducing the initial cost of 
the machine. Inherent cushioning 
effect and reduced maintenance at- 
tent.on add still more to the desir- 
ability of the V-belt drive. 
“Whether, of course, a veneer 
lathe drive takes the form of a 
silent-chain drive, multiple V-belt 
drive, or a gear-reduction unit, the 
most important factor in their de- 
sgn is a thorough knowledge of the 
service to be encountered, which, in 
the case of veneer lathe operation, 
can often be extremely severe. 


speed. 
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®/gnition Coils for 
O perating in W ater 


In the latest design of ignition 
coils announced recently by Mallory 
Electric Corporation, a special arc- 
resisting Durez is used for the 
nrolded covers and the entire case 
is also molded of Durez to resist 
moisture and prevent high engine 
heats from damaging the interior 
windings. 

It is claimed that this new igni- 
tion coil is the only coil ever made 
that will run with even the sec- 
ondary terminal and entire case 
submerged in water. It is designed 
for motor-car, truck and marine 
use, and is said to be constructed 
so as to cushion the windings 
against shock. <A special erc-resist- 
ing compound was used. 
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Cams for High Speeds-I 






How to develop acceleration curves that will give 


a movement free from shock and how to determine 


the form of the cam to produce such acceleration 


C. N. NEKLUTIN 


Chief Engineer, The Universal Match Corporation 


HE productive capacity of an automatic machine 

is limited in many instances by the inertia forces 

developed therein, which are a function of the 
masses and accelerations of the parts that have inter- 
mittent or reciprocating motion. And, because of the 
tendency to increase the speed of automatic machinery, 
a thorough knowledge of the methods of calculating 
inertia forces has now become more important than 
ever before. 

Because the force of inertia is a product of the mass 
of the moving part and its acceleration, it can be de- 
creased by the use of light strong alloys. But that fact 
does not make the selection of cam profiles of less impor- 
tance. With the same materials and using the most 
suitable movements, a designer can still develop a 
machine of higher capacity, a factor which may be more 
desirable from the manufacturing point of view. 

In designing a cam for a certain displacement the 
attention of the designer should be concentrated, first 
of all, on the acceleration and deceleration created by 
the cam, these being the source of the inertia forces. 
For high-speed machines the designer must therefore 
select a movement that has the smallest possible ac- 
celeration and is free from shocks caused by a sudden 
change in acceleration. Instead of calculating the ac- 
celeration of a cam of a certain shape, it is more proper 
to select the most suitable form of acceleration curve 
and then determine the form of the cam producing 
such acceleration. 

Undoubtedly the most commonly used acceleration 
and deceleration curve is the sine curve as illustrated 
in Fig. 1. Considering a stroke as being the movement 
of the cam follower from one position of rest to 
the next position of rest, the base OF of the accelera- 
tion curve will represent the time necessary for one 
stroke. In so far as the sine curve is concerned, this 
distance is equal to 2x. During the stroke, the accelera- 
tion goes through one complete cycle as represented 
by the sine curve from O deg. to 360 deg., or from 0 
to 2x if the angle is measured in radians. This is en- 
tirely independent of the angle of rotation of the cam- 
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shaft and it makes no difference what angle of cam 
rotation may be required to produce the stroke. In so 
far as the sine curve is concerned, the abscissa OF in 


Fig. 1 is equal to 2x. 
are the values of the acceleration. 


part + 


The ordinates of the sine curve 
For any fractional 


of the stroke of the cam follower, one stroke 


being represented by the abscissa OF, the value of the 
acceleration y will be: 


y = Asinlax ! 


In this equation A is the maximum acceleration. 


The speed of the cam follower at the point ¢ in Fig 1 
is equal to the area OtC under the curve. 


If a is the 


angle in degrees through which the camshaft turns 
during the stroke of the follower, and N is the revolu- 
tions per second of the camshaft, it can be shown that 
the velocity v will be expressed by the equation : 


Aa 3 
v= (1 cos 2rx) 2) 
2r 360 N 


The curve for velocity is shown in Fig. 2, the ordinate 
tD in this figure corresponding to the ordinate fC in 


© Acceleration.) ~ 
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Fig. 1—Area OtC under the sine curve of 
acceleration represents the speed of the 
cam follower at the point t 


Fig. 1. The variation in the radius of the cam, or the 
displacement of the cam follower corresponding to the 
py int t is equal to the area OtD in Fig. 2. The equa- 
tion for this displacement is: 


A a sin 2a x 
Ss =— — oe (3) 
2x \360 N 2x 


When + = 1 the displacement will be equal to the 
throw F of the cam, in inches, or: 


A a 2 
ceieh = F = ae Men teeniens 4) 
27 \360 N 


Transposing this equation we have: 


360 N\? 
A = F 2x| —— 


Qa 
[f in the above expression S is expressed in inches, 
the maximum acceleration will be in in. per sec. per sec. 
By substituting this value of A in Equations (1), (2) 
and (3) we shall obtain the final expressions: 


360 N\2 
-am a=2nrF —— | sin 2xx 
1 sO a 
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Fig. 3—Acceleration curve for the Scotch 


yoke mechanism, which produces the 
same movements as a crank with an infi- 
nitely long connecting rod 


these equations it is better to replace 2a by 360 deg., 
as tables in handbooks give the values for them meas 
ured in degrees. 

Then the final forms of the equations will be: 





360 N\2 

a = 2x Fi ——- sin 360x deg. (5) 
a 
360 N 
F———(1 — cos 360x deg.) 6) 
a 

sin 360x deg. : 
S = Fl x ————_ ) 

dr 


In these equations x is the fractional part of the 
stroke of the cam follower, F is the maximum throw 
of the cam in inches and S is the displacement of the 
cam follower in inches. 

Where the line of movement of the cam follower 
passes through the center of rotation of the cam, the 
variation in the cam radius S will be equal to the 
movement of the follower. 

From equation (5) the maximum value of the ac 
celeration will be at the point where sin (360 x deg-) 
has its maximum value of unity. 
maximum acceleration : 


360 N\2 
Fore F af -- (3S) 


Qa 


This will give a 


As shown by this equation, to decrease the accelera- 
tion the designer may decrease the stroke F or increase 
the working period a of the cam. The minimum value 
of F is determined by the necessity to perform a cer- 
tain operation by the machine part moved by the cam, 
the limit for a being established by the necessity of 
performing other movements during the revolution 
of the camshaft. 

Where possible it is better to have over-lapping 
movements, that is, to start the succeeding movement 
before the previous one has been completed fully, keep 
ing in mind that the clearance between adjacent mov- 
ing parts be as small as possible. This will result in 
an increase of a, which may be highly effective be- 
cause the decrease of maximum acceleration is in- 
versely proportional to the square of the increase in 
the working period of the cam. 

In some instances the designer may increase the 
throw and make the clearance between moving parts 
larger at the beginning or at the end of the move- 
ments. By doing so the working angle a can be in- 
creased to such an extent that the acceleration will be 
smaller in spite of the increased F. This method will 
often allow decreasing the maximum acceleration or 
permit the speed N to be increased noticeably. 


Scotch Yoke Movement 


As is well known, in the usual connecting rod mech- 
anism the motion of the crosshead is not harmonic, 
When the crank has made a quarter of a revolution 
from the dead center, the crosshead will have passed 
beyond its mid-position. This immediately shows that 
the velocities and accelerations are not the same for 
positions of the crosshead, equally distant to each side 
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of the mid-position. But as the ratio of length of con- 
necting rod to crank radius increases, the motion of 
the crosshead becomes more nearly harmonic. 

Pure harmonic motion is obtained in a crank mech- 
anism when the ratio of length of rod to crank radius 
is equal to infinity. Under such a condition the motion 
of every point in the connecting rod is always parallel 
to the direction of travel of the crosshead. This rela- 
tionship is attained in the familiar Scotch Yoke wherein 
the crankpin slides in a straight slot in a block or cross- 
head. The slot is perpendicular to the line of travel of 
the crosshead which slides between parallel guides. 

Treating the Scotch Yoke as a cam, the acceleration 
curve as shown in Fig. 3 can be constructed and the equa- 
tions of motion can be derived as for the sine curve. 

The equations for a cam producing the movement 
such as created by a Scotch Yoke, are as follows: 


wr: {360 N\2 
acceleration = F cos 180x deg. (9 
2 a 
x {360N 
speed = F : stn 180x deg. (10 
2 a 
l cos 180% deg. 
throw = F (iI 
7 


Comparing the maximum acceleration of both these 
cams, the maximum acceleration equaling the maxi- 
mum deceleration, for the Scotch Yoke: 

Fr: {/360N\2 
A, = ~ (12) 
2 a 


For the “sine curve” cam 
360 N 
A, = F 2x| ——— (13) 
Qa 
Dividing one by the other we have: 


A. 
= 1.273 (14) 


his shows that the maximum acceleration of the 
“sine curve’ cam is 27.3 per cent higher than in the 


“Scotch Yoke” cam. But the latter has two por ts 
of shock, one at the start and one at the finish of tie 
movement. These are caused by the abrupt chan ve 
of acceleration. On the other hand, the sine curve 
cam does not have any points of shock. 


Combination Scotch Yoke and Sine Curve Cam 


Assume that the problem is to move a machine 
part carrying something from one station to another, 
but that no operation is to be performed on the product 
while it is in motion, but that immediately after com- 
ing to a stop there will be some other parts of the 
machine which will begin to operate on the part deliv- 
ered to this station. 

Suppose in this instance it is permissible to allow 
a shock at the start and to have a high rate of accelera- 
tion. Also assume it is advisable to have the smallest 
possible deceleration and a shockless stop, so that the 
product when delivered to the station will be dis- 
turbed as little as possible by inertia forces. For such 
an application a combination cam can be developed, 
using the crank movement during the acceleration 
period and the sine curve during the deceleration. 

The total area under the acceleration curve between 
zero and any given abscissa is equal to the velocity at that 
point. Area below the X axis is considered negative, 
and the total area between the acceleration curve and 
the X axis plus that between the deceleration curve and 
the X axis must be equal to zero when added algebrai- 
cally. Thus the positive area of acceleration must equal 
the negative area of deceleration. 

Total positive velocity under the acceleration curve 
will be the integral of the acceleration curve between the 
limits of zero and x. Total negative velocity will be the 
integral of the deceleration curve between the limits + 
and 2 x. Equating the two equations thus obtained gives 
the value of x that will give the proper division of the 
cam between acceleration and deceleration. 

To fulfill this requirement the acceleration should 
exist during 11/25 of the working period and the de- 
celeration during 14/25 of the working period of th 
crank movement and sine curve movement respectively 
Under this condition the acceleration will be: 
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Fig. 5—Velocity curve for a 
cam to give a constant maxt- 
mum speed during a portion 
of the stroke 
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similarly, the deceleration rate will be given by: 
360 N 
F 2x ao. in 360% dey 


25 


360 A 2 
= 5 009 sin 360x deg. 17 
Q@ 


curves for the 
three Fig. 4, indicates 
learly that the combination cam has the decided ad- 
vantage in the second half of the cycle. 


\ comparison of the acceleration 
cams analyzed, as shown in 


\ 


Constant Speed Cam 


lhe same method as used to determine the form of 
a cam having a certain definite acceleration curve can 
be applied to other problems. For example, let it be 
assumed that the reyuirement is to maintain a con- 
stant speed during a part of the cam movement, as 
in a swinging knife with extremely long cutting line. 
A cleanly cut edge with intervals 
sharpening of the knife can be maintained if the speed 
is as high as possible during the actual cutting. In Fig. 
5 is shown the velocity curve of such a cam. The first 
derivative of its equation gives the acceleration and the 
integral gives the form of the cam. 


longer between 


Eccentric Cam 


If the radius of the crankpin is larger than the 
crank radius, the result will be an eccentric, that is, 
a circuiar disk whose center of rotation is at a dis- 
tance from the center of the disk equal to the crank 
radius. The throw of such an eccentric is equal 
to twice the eccentricity f and the working period 
as indicated in Fig. 6, is always 180 deg. 

For the sake of simplicity, the influence of the di- 
mensions of the cam follower is not taken into con- 
sideration. Then, when the cam rotates from its zero 
position to a certain angle @ as indicated in Fig. 6, the 
cam follower will travel toward the center of rotation 


VU, a distance S. 
S=(f+r) R 
\. derived in textbooks, this equation takes the 
fe T 
F r 
Ss = (1+ a Vcosta tl 18 
? f 
7 Tr 
In ‘iis equation, c-i— I 
t 
li ie speed of rotation of cam is V revolutions per 
secon | or 2aN radians per second; the time necessary 














FIG.6 


for the rotation of the cam through an angle a will le 


2a Nt 19 


tho 
4 
= 


Substituting this value of a in the above equation 
for S, and differentiating with respect to t, we obtain 


the equation for the speed of the cam follower, which 
will be: 
F in la 
2a N sina + ) 20 
? J ’ 
= ey ¢ at+C 
The differentiation of this question with respect 


to ¢ will give the equation for the acceleration, which 
will be: 


F 2a ine 2a 
a = (2x4 N)? cosa t+ 
9] “4 ra 
4 Zvi t a+C 4V(costa +C 
21 
A theoretical limit for the eccentric cam is when 


the radius of the cam disk is infinitely large in com 
parison with the eccentricity of the cam. 
conditions we have: 


r 
* ( ) 1 = infinity 


Therefore, for these conditions, in the equations for 
speed and acceleration all members having C in the 
denominator can be considered as being equal to zero 
This will reduce the above equations to: 


Under such 


It will be noticed that if a be replaced by 180 deg 
in Equations (9) and (10) as given for the Scotch 
Yoke mechanism, they will have the same form as 
the equations for the eccentric disk when r/f is equal 
to infinity. 
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N DECIDING upon the clearance to be used for a 

bolt hole, the general practice is to proportion it to 

the screw or bolt diameter ; the larger the screw the 
greater the clearance. There is no uniformity in the 
amount of clearance assigned to each screw size. For 
a 4-in. screw, for instance, different engineers will use 
from gy in. to gy in. clearance. The purpose of this 
article is to establish a logical basis for the correct se- 
lection of clearance hole sizes. 

Clearance is defined as the difference in diameters 
between the body of a bolt or capscrew and the hole 
through which it is inserted. 


If two plates are clamped together and drilled, a 









Fig. 1—For two pairs of holes 
for through bolts, minimum 
hole clearance must equal 
maximum tolerance for the 
center distance between holes. 
Fig. 2—If the two holes of one 
pair are tapped, clearance for 
the untapped holes must be 
twice the maximum tolerance 
for the center between holes. 
Fig. 3—Method of deriving 
required clearance for holes 
for through bolts when there 
ts a shoulder fit between con- 
nected parts. Fig. 4—Method 
of deriving required clearance 
when a stud is used for holding 
connected parts 


D= max.diam.of bo/t Min.diam. of hole = 0+0020" 
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learance Hole Lolerances 
for Interchangeability 


A simple method for determining minimum hole clearances required for 


bolts and studs to assure interchangeable assembly without reaming 


ROBERT PASH 
Boesch Manufacturing Company, Inc. 


$-in. drill hole will allow the insertion of a 4-in. bolt 
Why then the clearance? The answer, of course, is 
obvious. Since it is impossible to have two sets of 
independently located holes register exactly, the holes 
must be made larger to allow the bolts to pass through. 
From this it follows that the required clearance is not 
related to the bolt diameter, but is dependent upon the 
accuracy in locating the holes. 

The simplest case is that of two pairs of holes with 
through bolts. To illustrate, the distance between the 
hole centers in each part is assumed to be L + 0.010 in 
The extreme case is shown in Fig. 1, from which it 
can be seen that the required clearance is 0.010 in. Ex- 


Raa. of hole = max. rad. of bo/*t +0.0/0" FIG.3 
Diam. of hole = max. diam. of bo/t +0020" 


Rad of hole = max.rad. of bo/t +0.020" 
Diam of hole = max. diam. of bo/t +0040" 











pressed in general terms, where two pairs of holes for 
tl uugh bolts are involved, the minimum clearance re- 
quired in each hole must be equal to the tolerance on 
the distance between the hole centers. 

onsidering two pairs of holes, one set being tapped, 
the play of the screw in the tapped hole can be disre- 
garded. The extreme condition is shown in Fig. 2. 
The clearance required in the untapped holes is 0.020 
in., or twice that when none of the holes are tapped. 

\nother interesting example is when a shoulder is 
used to locate a part. The required clearances are 
derived as indicated in Figs. 3 and 4. 

To establish the limiting conditions for the passage 
of a bolt through two holes eccentrically situated, from 
Fig. 5 it is seen that: 


Hy D 
— =E+— f,— D = 2 l 
Likewise. H,— D = 2E, 2 
Adding Equations (1) and (2 
H, — D) + (H.— D) = 2£, + 2E,. = 2(£, +1 
But, E,+&=S 
Hence. H, D) + (H,— D) = 2S 3 


This equation can be expressed as follows: 
To be able to insert a bolt through two holes the sum of the 


learances of the two holes must be more than twice the distance 
between the hole centers. 


To establish clearances that will take care of all con- 
ditions, we must consider the maximum possible dis- 
tance between any two mating holes. There is no need 
of having the two mating holes of the same diameter. 
One hole might be a close fit and all the required clear- 
ance furnished by its mate. That is exactly the con- 
dition where a tapped hole is used. To be consistent, 
the untapped hole used with a capscrew should have 
twice the clearance of the holes used with a through 
bolt. This can also be seen in the examples shown in 
Figs. 2 and 4 and the relationships noted thereon. 

Consider the problem in Fig. 6. The extreme pos- 
sible distance between any two pairs of mating holes 
must be found. Dimensioning on rectangular coordi- 
nates has been used purposely since it is the only way 





Fig. 5—Derivation of the relationship re- 
quired in order that a bolt can be inserted 


through two contiguous holes 
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to indicate dimensions that will definitely limit the 
possible distance between any two holes. 

In Fig. 7 the tolerance on the location of one hole is 
T, and that of its mate is Ts. The center of the first 
hole might be anywhere in the larger square, its mate 
anywhere in the smaller square. Obviously, the great- 
est possible distance between any two points respec 
tively in each square is from the corner of one square 
to the diagonally opposite corner of the other square. 
That distance is (7; + T2) \/2. From the statement 


of Equation (3) we derive: 
Total clearance 2(7T™% + T2 \ 
Referring to Fig. 6: 


T, = T, = 0.010 in 
72 


Total clearance = 2 (0.02) 0.056 in. 


Dividing this equally between each hole of a pair, for 
bolts of 0.750 in. maximum diameter, 


Hole Diameter = 0.750 + 0.028 = 0.778 in. min 


[f the holes in one plate were tapped, the diameter 
of the holes in the other plate would be: 


Hole Diameter = 0.750 + 0.056 = 0.806 in. min 


This equation assumes that tapped holes would be 
located as accurately as plain ones. To allow for ec- 
centricity in tapping, still larger celarances will be 
required. Table I has been computed for the clearance 
to be given to each hole when located as in Fig. 6. 
The tolerances apply to base line dimensioning or rec- 
tangular coordinates. 


Where each of two parts have two lines at right 


Diam. of bolts,0.750 "max. 
A/! dimensions t0010" 


FIG.6 





Fig. 6—Illustrating the common problem 
wherein two parts are to be machined inde- 
pendently and it is required to specify the 
minimum diameter of the bolt holes to allow 
assembly without reaming 


angles that must coincide at assembly, it is necessary 
that those lines be used as reference axes for the loca- 
tion of holes. Otherwise exact alignment might be 
impossible, even though all the bolts or screws could 
be inserted. 

In this discussion, reference has always been made 


to two parts. The reasoning, however, applies equally 


N 
w 
wi 








well to any number of superimposed parts provided the 


center lines of the holes are parallel. 


Application 


The relation derived here can be applied on large and 
small production. Whenever true interchangeability 1s 
to be secured—that is, interchangeability independent 
of any set of jigs, accuracy of location must bear the 


correct relation to screw or bolt clearance. [Even on 
special machines “spotting through” is no longer con- 
sidered good practice. If small clearances are used the 


chances are that, in the replacement of the part, the 
holes will have to be “spotted back” by using hardened 
pointed screws and pounding on the part to be drilled. 
Sometimes even that is not possible. The proper way 
is to lay out and drill each part entirely independently. 
The tolerance on the location of the holes should be 
such as can be readily met by the means (hand layout, 
mulling machine, jig border) to be used in the shop. 
The hole clearances should then be specified large 
enough to allow assembly under all conditions. 

When the most accurate location is desired by the 
screws or bolts alone, the logical way is to have two 
hole-centers of each part determine one of the refer- 
ence lines (one hole-center being the origin). The 
screw at the origin can then be a close fit, while all the 
others will need clearances in keeping with their ac- 
curacy of location from the reference lines. 

except as just mentioned or where unusual require- 
ments exist, such as to avoid weakening the part, the 
writer can see no reason why the limit on clearance 
holes should not be so large that the hole would show 
on the side of the screw head when it is off the hole 
center as far as it will go. 


Interchangeable Manufacture 


Consider quantity production where drill jigs are 
used. If the same jig is used for mating parts, as 
is often done, those holes will match regardless of 
whether or not the jig is accurate. That, however, is 
not true interchangeability, for should a new jig be 
built from the drawings the chances would be that parts 
made from the second jig would not assemble with 





Fig. 7—Diagram for establishing maximum 


possible distance between the centers of two 
holes whose positions are demensioned on 
rectangular coordinates 
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those made from the first. True interchangeabil 
must depend on records alone. To secure it the r 
tion derived herein must exist. 

The relation derived is also of value in the use 
parts or devices bought from other concerns. If 
supper will furnish the size of clearance holes u 
and the accuracy of their location, it will allow 
machine builder to provide the mating holes in advai 
at minimum cost, allowing him to use the largest 1 


in . @ 


( 


missible location tolerances. 


There is often no good reason for using the sa 
accuracy of hole location on both mating parts. H 
accuracy 1n a part made in quantity allows less accur: 
to be used on the mating part, the holes of which m 
have to be laid out by hand. The clear understandi 
of the relation between clearance and accuracy of 

tion of holes can, no doubt, bring about many ad) 
t 


ages and economies in manufacturing. 


Summary 


For the same accuracy of hole location, capscrews 
and studs will require holes with twice as much clear 
ance as required for through bolts. 

Two pairs of holes for through bolts require clearanc 
equal to the tolerance each way on the distance between 
the hole centers. 

Total clearance for any pair of matching holes dimen 
sioned on rectangular coordinates is determined by th 
formula : 


f otal clearance = ( il " i 


Where two lines on the mating parts must be in 
definite relationship, the holes must be dimensioned 
from those lines. 

Standardizing accuracy of hole location permits 
standardization of corresponding hole clearances by the 
above formula. This insures assembly of parts under 
all conditions. 


Table I—Clearances to be Allowed for Holes Located 
by Rectangular Coordinates 








Clearance added to maximum bolt diameter will give mini- 
mum hole diameter. 

Tolerances are plus and minus. 

The tolerances on the location of tapped holes have been 
selected larger because of the possible additional error in 
tapping the hole. 

















CLEARANCE FOR CLEARANCE FOR BoLTs 
THROUGH BOLTs 'N TAPPED HOoLeEs 
Tolerance on Location 
Tolerance Clearance for Clearance ! 
on Location Each Hole Untapped Tapped Untapped H 
Hole Hole 

0.001 0.003 0.001 0.002 0.009 
0.007 0.006 0.00” 0.003 0.014 
0.003 0.009 0.003 0.005 0.023 
0.004 0.011 0.004 0.006 0.028 
0.005 0.014 0.005 0.007 0.034 
0.006 0.017 0.006 0.009 0.043 
0.007 0.020 0.007 0.010 0.048 
0.008 0.023 0.008 0.012 0.057 
0.009 0.026 0.009 0.014 0 J 
0.010 0.028 0.010 0.015 0.071 
0.011 0.031 0.011 0.017 0.079 
0.012 0.034 0.012 0.018 0 085 
0.013 0.037 0.013 0.020 0 94 
0.014 0.040 0.014 0.021 0.99 
0.015 0.043 0.015 0.023 )8 
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forging, or a cold-drawn section. 


CGold-Drawn Steel for 
Special Sections 


When parts cut from special steel sections 
satisfy the design requirements, properly de- 
signed cold-drawn sections offer advantages in 
simplified design, longer wear, closer toler- 
ances, and improved appearance as well as 


reduced machining costs 


Fig. 1—In the hardness testing machine 
made by Wilson Mechanical Instrument 


Co. drawn steel pillars support 


HEN a given cross section is desired along 
all or a major portion of one axis, steel parts 
are usually made from bar stock, a casting or 
A two-fold design 


problem is involved in selecting a special cold-drawn 


section embodying this prevalent cross section. 


The 


primary advantage in the use of special drawn sections 
is reduced machining cost; but first, the requirements 
of the design must be satisfied by the cold-drawn ma- 
terials available and their physical properties, consider- 
ing the limitations of the process and the quantity 


needed. In adapting the shape of the part to the cold- 
drawing process—the second phase of the design prob- 


lem 


Improved 


Strer 


Cost 


Strer 





‘many other advantages may be obtained such as 
appearance, simplified design, increased 
gth and longer wear, in addition to the reduced 


of machining. 


| grades of carbon, alloy or stainless steel that can 
t-rolled are readily obtainable in cold-drawn form, 
ugh the softer steels, those low in carbon and 
ning alloys, yield most readily to the cold-drawing 
ss. While a soft steel may be drawn to a com- 
vely simple cross section in two or three passes 
‘th progressive dies, a harder steel may require 
mal passes and possibly preliminary and _ inter- 
e annealing treatment to produce the same 


e the drawing operation adds greatly to the 
h of the steel, these softer cold-drawn steels 


; 
~~ 


4 


the head 





provide the strength obtained in the harder grades ot 
cast, forged or hot-rolled steels. For this reason, low 
carbon and low-alloy steels listed in the table may be 
safely specified in the cold-drawn condition where hot 
rolled steel of higher carbon or alloy content might be 
necessary. Cold-drawing often can thus be employed 
as a substitute for heat-treatment. 

Tensile strength, yield point, and hardness in any of 
these steels are increased by cold-drawing, while the 
ductility is decreased. In producing cold-drawn sec- 
tions, the soft hot-rolled bars are pulled through dies 
which reduce the area of the cross section from 10 to 
15 per cent, depending on the size of the section and 
grade of steel. 

Although machinability of most carbon and_ allo) 
steels is improved by cold-drawing, some steels are in 
herently more easily ‘machined than others, and this 
property has been highly developed in certain grades 
of “‘free-machining” steels. Where operations such 
as cutting off, drilling, tapping or finish milling are 
involved, ease of machining is a factor of importance 
in selecting the material and the fabricating process. 
Conservative values of machinability are also included 
in the table for this list of cold-drawn steels. 

In addition to increasing the machinability and 
strength, the cold-drawing operation produces a smooth, 
bright finish—an excellent surface for appearance. 
Lacquer, paint or enamel can be applied directly to the 
cold-drawn section with no surface preparation. This 
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is one of the factors in the selection of cold-drawn 
stock for the pillars of the Rockwell hardness tester 
shown in Fig. 1. But the desirable surface finish is 
incidental to other improvements made possible in this 
application by the special section, such as increased 
throat depth without a corresponding increase in the 
overhang of the head. 


Cold-Worked Surface Resists Wear 


Elimination of expensive form-milling operations is 
only one advantage in using a cold-drawn section shown 
in Fig. 2, for Otis elevator door rails. Another factor 
in this application is that tolerances on cold-drawn 
sections are much smaller than the dimensional varia- 
tions in castings, forging or hot-rolled sections. As 
compared with + +, in. for hot-rolled forms, com- 
mercial tolerances for cold-drawn sections are only 
+ 0.003 in. In fact, the dimensional and angle toler- 
ances readily obtainable in cold-drawn sections are rep- 
resentative of good machining practice. This factor 
makes it possible to take advantage of the hardness 
and wear-resistance introduced by the cold-drawing 
operation. Under the rolling action of the wheels 
supporting the elevator door, the cold-worked rail sur- 
face wears much longer than would a hot-rolled steel 
rail. 

In these special sections metal is not removed in the 
cold-drawing operation but is redistributed without loss 
of material. Thus, metal cost as well as machining 
expense is reduced, while further cost advantages arise 






Fig. 2—Otis elevator 
doors roll on special 
drawn steel rails having 
greater wear resistance 
than hot-rolled steel 





Fig. 3—(Above) Six hot- 
rolling passes and five 
cold-drawing passes and 
below) one hot-rolling and 
ten cold-drawing passes 
are required to develop 
these special drawn sec- 
tions 


from the rapid rate at which the drawing operation 
performed, production time in practically every instar 
being much less than for machining. 

While it is preferable to begin the cold-drawi 
operation with a hot-rolled shape closely approximati: 
the cross-section desired, the cold-drawing process has 
been developed to the point where intricate sections cin 
be drawn from unrelated hot-rolled sections such as 
rounds, squares and flats. Some suppliers who pr 
duce large quantities of these special sections have small 
hot-rolling mills for “breaking down” standard bars to 
special shapes more suitable for cold drawing. With 
this hot-rolling equipment, sections with internal 
external undercuts such as shown in Fig. 3 can he 
prepared from standard shapes. However, the closer 


Approximate Physical Properties 
of Cold-Drawn Steels 





| Tensile | Yield | Elon- | 
| Strength | Point (gation 


Machin- 
Brinell) ability 
Hard- | Surface 








| Ib. per lb. per per : “ee 
| 8q.in. 8q.in. cent ees aaa . 
SAE-1010 | 60/70,000| 55/65,000| 20/30 |137/149) 105 
SAE-1020 | 70/85,000| 60/70,000| 15/25 |149/170) 115 
SAE-1030 | 75/95,000| 65/75,000| 15/25 |170/187| 100 
SAE-1040 | 80/ 100,000] 70/80,000| 14/20 |187/202! 85 
SAE-1050 | 85/110,000) 75/85,000} 14/20 | 202/228) 80 
SAE-1112 80/95,000} 70/80,000} 15/25 '170/ 196} 150 
SAE-1120 |} 70/85,000| 60/75,000) 15/25 |137/166 135 
High Sulphur Bessemer | 
Screw Steel... 80/95,000| 70/80,000) 15/25 |170 196] 200 


High Manganese Open 
Hearth Steel.......... 75/85,000|55/65,000|} 15/25 |143/170| 140 
hr .| 75/90,000) 55/70,000) 15/25 | 143/179) 140 
1020-90 - "1 75/90.000| 65/75,000| 15/25 |170/187| 130 
a Cc arburizing 
. aaa 75/90,000| 65/75,000) 15/25 |170/187 130 
.30/. ‘te Carbon High 
Manganese Open 
Hearth Steel.......... 85/95,000 


70/80,000) 15/25 |187/207) 115 

















a drawn section approximates available hot-rolled sec 


tions, the greater will be the opportunity for cost saving 


and prompt delivery. 


But there are practical limitations in the shapes 


obtainable by the cold-drawing process. The metal 

all parts of the section must have sufficient strength t 
pull itself through the die, thus limiting the possibl 
amount of reduction in area and cold workin 
Although the metal can be made to flow into extende: 
sections of the die, the amount of this redistributio 
is limited by the strength of the bar leaving the die 


Courtesy Union Drawn Steel Compa’ 


Dd 


BeSSTRTTTAI939 
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In the permanent magnet polepiece shown in Fig. 4 
this is the limiting factor. 

\s shown at (A) in Fig. 4, the extensions are not 
strong enough to permit the metal to be pulled through 
the die. If the shape shown at (B) can be used, a 
cold-drawn section is possible providing a fillet radius 
is permissible at the pointed ends. If the design 
allows the use of a full radius, as shown at (C), the 
section will be more satisfactory to draw. However, 
the final decision in regard to the possibility of drawing 
such shapes rests with the steel supplier, as much 
depends on other factors such as equipment available 
and the experience of the manufacturer. 


Sharp Corners in Drawn Sections 


Keentrant or inside corners in some types of sections 
cannot be obtained satisfactorily with a radius less than 
gy In. because of excessive die wear. If a sharper 
corner is needed, an additional machining operation 
may be required to clean out the corners. And if an 
added machining operation is necessary, a generous 
radius should be used as the dies will then last longer. 
On the other hand, sharp external angles and corners 
are readily obtainable on cold-drawn sections, this being 
a feature in which the cold-drawing process excels hot- 
rolling, casting or forging. 

lf the requirements of the design are satisfied by ma- 
terials available in the cold-drawn state, and if the 





(A) (B) (C) 


Fig. 4—Extensions of the section (A) may not 
have sufficient strength for drawing. Section 
shown at (B) can be drawn, but (C) eliminates 
undesirable sharp corners and thin sections 





























Fig 5—Small added cost in this special key sec- 
ton is of little importance in comparison witli 
the eduction in keyway pressure 








Frequently in the use of cold-drawn steel sections 
other advantages will outweigh that of economy. 
A few of these, illustrated in this article, are: 

1. A surface that needs no preparation for plated 
or painted finish. 

2. A hard skin that is highly wear resistant. 

3. Shapes obtainable in one piece where other- 
wise an assembly would be required. 

4. Simplification of associated parts made pos- 
sible by irregular shaped drawn sections. 

5. Flexibility in designing because irregular sec- 


tions involve no added cost. 





shape desired can be produced by cold drawing, the 
remaining factor is the quantity needed. 

Material cost in cold-drawn sections, as in either 
special hot-rolled or standard bar stock, varies with 
the quantity, and for this reason quantity is a critical 
factor in unit cost per finished piece. In finished parts 
from special drawn sections three elements enter into 
the cost of the piece: Cost of the hot-rolled section 
(ready for the drawing operation), die expense and 
drawing cost, and the amount of finish machining. 


Factors Affecting Cost 


In the cost of the hot-rolled bars there are also three 
factors: grade of steel, quantity and shape. If the 
special sections can be drawn from standard hot-rolled 
sections (squares, hexagons, rounds or flats) estab 
lished prices will prevail for the hot-rolled bars. 

For special hot-rolled bars, such as used in develop 
ing the sections shown in Fig. 3, the cost will be gov 
erned largely by the intricacy of the shape and the 
number of rolls and rolling passes required. Most 
suppliers have roll equipment available for hundreds 
of sections; but, if special rolls are required, their cost 
will be added to the cost of the finished section. 

Cost figures for the cold drawing dies vary with the 
size and design as well as the grade of steel specified, and 
to some extent with the tolerances allowed. But no re 
liable cost data can be given here, as much depends on the 
experience and ingenuity of the supplier, and the equip 
ment already available. For small quantities, the die 
cost will usually be the largest item in the total cost of 
the initial order. 

For quantities of a ton or more for the initial orde1 
and similar quantities as frequently as once a year, 
die costs will be a comparatively small part of the cost 
per piece. With sufficient quantity—five or ten tons 
for example—special sections may cost less than even 
simple machining operations on a standard bar. A small 
machine-tool spindle consisting of a standard round 
with a small flat to prevent rotation of the spindle 
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when made by cutting a special drawn section to length, 
not only costs less than the equivalent machined bar, 
but the close tolerances and the bright surface make 
all surface-finish machining unnecessary. 

Where sufficient quantity is required, the greatest 
advantage in the use of special drawn sections is the 
possible flexibility in design. Sections such as those 
shown in Fig. 3, impossible to obtain by any other 
means, often result in unusual savings in cost and im- 
proved performance of the equipment. But compli- 
cated shape alone is not the only advantage. For 

















Fig. 6—Special drawn steel sections in the Em- 
bosograf reduces machining costs and also 
simplified the design. Fig. 7—Rotation of the 
cam lifts the lower plate against the adjustable 
upper plate, as shown in the section view below 


Stationary. 
pressure 
plate is 

coldl drawn 


Cold- drawn L in ‘ 


_-Cast-iron 
frame 


\ 














platen raised ; \ 

‘by cam Spacing between 
pressure plates 
adljus ted by 


Cold-dlrawn 


moving wedge- 














cam bar shaped! upper 
rotated by plate 
a /ever . 
‘Cast-iron 
frame 





instance, a simple key section shown in Fig. 5, makes 
possible the use of die-cast pulleys in small machine 
tools. The flared head of this key section distributes 
the key pressure over an extended area, preventing 
enlargement of the keyway in the soft die-casting. In 
addition to distributing the driving force, this key places 
the metal in the hub between the key head and shaft 
in compression, tending to lock the pulley to the shaft. 
Both of these advantages are obtained in a high- 
strength, special drawn section at little extra cost. 
Special sections simplify design and improve per- 


formance as well as reduce cost in the embossi 
machine illustrated in Fig. 6. A cam bar, cold-draw 
to final shape, develops the necessary pressure wh« 
rolled between the bearing plates, as shown in Fig. ; 
$y any machining operation this cam contour is expe 
sive: with cold-drawn stock any desirable contour 

obtainable. At the same time, the greater surfa 
hardness of the cold drawn material forms a mot 
wear-resistant surface and the added strength of tl 
cold-worked steel makes possible the use of a less e> 
pensive material. 

Another cold-drawn section in this machine, tl 
lower pressure plate, has large radii on the two uppe 
corners, provided at small cost. In the upper pre: 
sure plate, also cold drawn, the angle between the tw 
faces is obtained without the expense of removing an 
metal, and provides a simple means for adjusting the 
spacing between the two pressure plates. Again, large 
radii needed at the corners involve no additional cost, 
and of course, no finish machining is necessary on the 
drawn surface. 

Simplification in the design of a permanent magne 
(also illustrated on page 162 in May Product Eng 
neering) is made possible by using a cold-drawn se 
tion for the polepiece, as shown in Fig. 8. To machine 
this part from bar stock involves prohibitive machining 
expense. In the cold-drawn section, even the projec 
tion required for resistance welding the polepiece to 
the permanent magnet is obtained at no appreciable 
added cost. 

Minimum tolerances of +0.003 in. in this special 
section are too large for the cylindrical surfaces form 
ing the air gap in which the instrument rotates. How 
ever, a light grinding operation, removing less than 
0.005 in. of metal, is the only additional operation 
required to assure a tolerance of +0.001 in. on this 
surface. 

Many other examples are available demonstrating 
successful applications of special drawn steel sections. 
But the success in each instance depends upon the care 
used in adapting the design to the cold drawing process 
after considering the limitations and advantages of the 
method. 
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| Spheres for Joming Lubes 


Hollow steel connecting spheres are used in a new type 


of arc-welded structure described in a paper submitted 
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a UBES are unique among all sections in 

, that for a given weight of material they 

= provide not only the greatest section 

_ modulus but equal strength in all directions. 

_ They are thus the ideal sections for columns, 

and are also suitable for tension members because 

han of their equal resistance to lateral movement in 

no all directions. 

_ But the chief difficulty in the use of tubular 
members is in attaching or joining the parts. In 

ung one method the tubes are slotted and welded to a 

anti connecting plate which passes through the axis of 

wat each tube, as illustrated in Fig. 2; but this method 

— is expensive. The usual method in airplane con- 

_ struction, even more costly, is to weld the tubes 
directly to one another, having previously shaped 
them to fit. 

In addition to being expensive such welds are Fig. 1 (Above )—Tubular members welded into 
ditfcult to inspect to determine if the welding spheres at the joints provide an economical, light, 
has been performed satisfactorily, particularly safe and strong structure. Fig. 2—(Below)- 
where the tube is welded to a flat member at an Slotted tubes welded to a connecting plate form 
angle with the tube axis, as shown in Fig. 3. a satisfactory but expensive joint . . 
\lso when several tubes are assembled together “eo , 
into a single joint there is a further disadvantage 
in that the metal is subjected to excessive over- 
heating in making the successive welds. 

0 overcome the difficulties in the use of tubes, 

the tubular members can be joined, as shown in 

Fiv 4, by welding them to a common spherical 

member. Each of the tubes is joined at right 

any cs, the line of contact being a circle. Thus, 

It possible to reduce the welding to a single 

- typ. of the simplest kind. For lightness the 

A sph re is usually hollow, and may be fabricated 

iro: scrap plate by welding. The most con- 

vent procedure is to weld together two die- 
Eq pre. ed hemispheres. 

ad » herical joints reduce the expense of prepar- 
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ing the ends of the tube, requiring only that the tubes 
be cut off square. A beveling operation is desirable on 
tubes of more than } in. in wall thickness, in order to 
obtain better penetration of the weld. This beveling, 
however, is a simple and inexpensive operation, and 
both the cutting and beveling can be done on a mass 
production scale.’ Since the section of the weld between 
the tube and sphere is always the same, the welding 
operation itself and the subsequent gaging of the weld 
are both simplified. 

When spheres are used, eccentricity at the joint can 
be prevented readily. If the tube is touching the sphere 
at all points, then the center line of the tube must pass 
through the center of the sphere. When the diameter 
of the sphere is large enough to accommodate all of the 
tubes in a cluster joint, as shown in Fig. 1, the welds 
can be made on the surface of the sphere without exces- 
sive overheating. 

A further advantage of the spherical joint is that 
there is no sudden change of direction of the lines of 
stress. There is no stress concentration at the joint, 
as is common with tubes that are welded directly to 
one another. 


Design of the Spheres 


The method of welding adopted for the center weld 
between the two halves of the hemisphere will depend 
upon the number required, but as large quantities will 
usually be needed for each individual size, resistence 
or flash welding is preferable. When resistance welded, 
the dimensions of each hemisphere prior to flash weld- 
ing must provide extra metal for melting and upsetting 
in the flash-welding process. Locating holes are re- 
quired in each hemisphere, so that they can be held 
correctly in the jaws of the welding machine. After 
the welding operation, it is necessary to machine off the 
outside bead or flash on the surface of the sphere. 


Spheres used for structural work need not be solid 
to withstand the stresses imposed when used to connect 
comparatively thin tubes. 


On the other hand, there 























is a limited thickness below which the spheres woul 
collapse. Spheres of 4 in. outside diameter with 

thickness of 3; in. are of adequate strength for tl 
tubes with which they have so far been used. In get 
eral the spheres should be 14 times the diameter of th 
largest tube with which they are used, and the thick 
ness of the sphere should be 14 times the wall thick 
ness of any tube to which it is connected. 

In designing tubular structures, the chief impe1 
fections which occur are faults in manufacture, varia 
tions in modulus of elasticity, eccentric loading, indefi 
nite type of end supports and initial stresses. 


Higher Working Stress Allowable 


Considering actual support at the ends, no joints, 
unless made with a perfectly machined pin, can |x 
considered free, and no joint can be absolutely rigid 
To provide an additional factor of safety, these tubula 
structures are designed as pin-jointed members, neglect 
ing the degree of fixity of the end. To allow for initia, 
stresses in the tube caused by cold straightening and 
other conditions arising from the manufacture of the 
tubes, the permissible working stresses are reduced }) 
15 per cent. 

Equivalent eccentricity allowances take into account 
values determined by experience. By using the sphert 
cal joint, virtually perfect concentricity in loading 1s 
obtained and no corrections are necessary. Instead of 
the usual value of 18,000 lb. per sq.in., a stress of 31,400 
lb. per sq.in. can be safely used with this type of con 
struction, provided that all the loads are known and 
stresses are calculated carefully. No overloading is 
permissible, of course. 

In comparing the total weight of identical designs 
assembled by angle welding, and by the tube and sphere 
design, the tubular structure will show a saving oi 
nearly 40 per cent. At the same time, as shown above, 
this construction is stronger and can carry higher work 
ing stresses. 


The greatest objection to the use of tubes as struc 


Fig. 3—Tubes joined to 
another tube or to a flat 
plate present a difficult 
welding problem when 








the angle is acute 

















Fig. 4—IWhen welded to 
a sphere, the tubes can 
be accurately centered 
with the welding opera- 
tion easily performed 











tural members is that the steel in the form of tubes 
costs more than in the form of angles, channels and 
plates. However, lighter sections can be used with 
tubes, and the absence of eccentric loading will reduce 
the sections required, so that the cost of steel in tlie 
tubular design is approximately only twice the cost of 
steel in an equivalent structure using rolled sections. 

When: fabricated from standard sections and plates. 
welding costs for identical designs will be approximat:!y 
70 per cent greater than for the tubular design -a 
saving of approximately 40 per cent in favor of ‘le 
tubular design. 
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whes 


Laminated + Sheet Bronze + Graphited 


BEARINGS 


Construction of and alloys used for the different types 


of bearings, the basis for the selection of the type of 


bearing to use, and examples of their typical applications 


C. 3. LEIS 


Chief Engineer, Johnson Bronze Company 


HEET bronze bushings are manufactured from 

cold rolled bronze and their hardness is under 

complete control at the time of rolling. The cold 
rolling imparts a very dense structure, which gives to 
these bronzes certain bearing qualities that are not 
ordinarily obtained in cast bronzes. In large quanti- 
ties, sheet bronze bushings cost considerably less than 
the cast bushings. 


Certain types of machinery, because of low unit cost, 
compel the engineer to choose the most economical 
bearing material. There are numerous applications 
wherein the relative motion of the shaft is so slight 
that, even with continuous wear, the sheet bronze bush- 
ing will outlast the machine itself. This type of bushing 
is most extensively used in the automotive industry 
for this particular reason. Sheet bronze bushings are 
also ideal and economical for use where atmospheric 
or gaseous conditions might cause cast-iron bearings 
or steel bearings to corrode. This is especially true of 
machinery or motor parts that are subjected to various 
weather conditions, as in argicultural equipment. Simi- 
larly, factory skylight or ventilating windows must 
withstand rain, heat, and gases from within, all of 
Which cause corrosion. In such places all movable 
parts should be equipped with sheet bronze bushings 
to insure positive and permanent operation. 

he alloys used for this type of bushing are selected 
to serve specific conditions as set forth in the applica- 
tions of the alloys described as follows: 

‘hnson Alloy No. 40. Chemical composition : copper 
tin 0.5, zinc 9.5. Physical properties: Tensile 
strength 60,000 to 70,000 lb. per sq. in.; yield point 


90). 


47,500 to 52,500 Ib. per sq. in.; elongation per cent in 
2 ir. 5 to 15; hardness, per specifications. 

_ bushings made of this alloy function satisfactorily 
In 


ny places as a result of the physical working of 
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the alloy during its manufacture rather than by virtue 
of its chemical composition. It is used to replace cast 
bushings in many places where the impact load is the 
important factor and generally where the motion is 
oscillatory and not rotary. 

In the automotive industry, bushings made of this 
alloy are used for rocker arms, steering knuckles, 
steering mechanisms, torque tubes, universal joints, 
spring eye bushings, starting motors, distributor shafts 
and places where rotary speed is not high. These 
bushings are also used in many places on the chassis 
frame and brake system. This alloy is extensively used 
for thrust washers. Bushings made of this alloy should 
be burnished in place as it has no machining qualities. 

Johnson Alloy No. 44. Chemical composition ; Cop 
per 88.0, tin 4.0, zinc 4.0, lead 4.0. Physical proper- 
ties: Tensile strength 70,000-80,000 Ib.; yield point 
50,000-60,000 Ib. per sq.in.; elongation per cent in 2 in. 
5 to 15; hardness, per specifications. 

3ushings made of this alloy are recommended for 
heavy duty service. Alloy No. 44 withstands high im- 
pact loading as well as rotating motions. Graphited 
bushings made of this alloy perform well under com 
paratively high speeds. Bushings made of this alloy 
can be burnished, bored or reamed in place. 

This alloy is recommended for piston pin bushings, 
differential gear bushings, transmission gear bushings, 
electric hoists, fractional horsepower motors, washing 
machines, household appliances and _ agricultural 
machinery. 


Laminated Bearings 
Laminated material is used to obtain a bearing that 


will resist high unit loads and have sufficient impact 
capacity. Such qualities can only be obtained by fusing 
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a highly efficient bearing material to the surface of a 
metal having physical properties in excess of the re- 
quirements. 

Plastic elements are always of low compression 
strength. In order to obtain the desired qualifications 
such elements must be comparatively thin to prevent 
pounding out. Bearing elements of a plastic nature 
pound out easily. It is therefore important that the 
bearing material be thin. The best results are obtained 
if the thickness is held to a minimum, which is gov- 
erned by the conditions under which the bearing must 
operate. 

There are three distinct types of laminated bearings: 
(1) bronze-backed, babbitt-lined; (2) steel-backed, 
babbitt-lined ; (3) steel-backed, bronze-lined. 


Bronze-Backed, Babbitt-Lined Bearings 


Until recently, bronze-backed, babbitt-lined bearings 
have been used in internal combustion engines as main 
bearings. The alloy used in the bronze backing was 
Johnson Bronze Alloy No. 66, (S. A. E. No. 66), and 
it was adopted chiefly for two reasons—good machin- 
ing qualities and low cost. In the early stages of the 
automotive industry with comparatively light loads and 
slow speeds, the conditions under which this alloy func- 
tioned were such that it answered the purpose. But 
speeds and compressions were increased, placing ex- 
traordinary demands on the backing material, and 
because it lacked certain physical properties, many 
bearing failures occurred. 

It was not generally recognized that such failures 
of main bearings were directly caused by the low 
pounding resistance of Alloy S.A.E. No. 66. In many 
instances a substitution of Alloy S.A.E. No. 63 resulted 
in the elimination of the failures as this alloy was 
capable of withstanding greater pounding at elevated 
temperatures. The failure of Alloy S.A.E. No. 66 
naturally was followed by new developments which 
evolved the steel-backed and_ babbitt-lined bearing 
which had previously been used in the aircraft industry 
in Liberty motors. 

The bronze-backed, babbitt-lined bearing has many 
advantages over the steel-backed bearings. They are 
as follows: (1) Bronze is more comformable in the 
housing than is steel; (2) Conductivity is higher; (3) 
Bronze does not convey bearing noises as readily as 
steel, therefore the motor is quieter ; When failure 
of a bearing does occur, the shaft will not score with 
bronze-backed bearings as it does with steel-backed 
bearings; (5) In small quantities, bronze-backed bear- 
ings are more economical; (6) Flanged bronze-backed 
bearings permit thrust loads being carried on their 
faces. 

In early applications, babbitt linings were selected 
chiefly according to their hardness. It was generally 
agreed that the harder babbitts gave the best service. 
This theory has been exploded with the present 
methods for testing alloys, at not only room tempera- 
tures but also at the elevated temperatures to which the 
bearings are subjected in service. The babbitt alloy 
that was generally used at the inception of internal 
combustion engines was S.A.E. No. 24, which con- 
tained 84.0 tin, 7.0 copper and 9.0 antimony. As the 
speeds and loads increased, S.A.E. No. 11 containing 








87.0 tin, 6.0 copper and 7.0 antimony replaced th 
former alloy. It was considerably softer, but acte 
much better under the higher temperatures encountere 
in internal combustion engines. 


3ecause its phy sical prope rties were not maintaine 

at the higher temperatures, S.A... No. 11 was replac: 
by S.A.E. No. 10 in a great many instances. 

present, Johnson Bronze Alloy No. 9 answers tl 
specifications for babbitt to be used for high speed 
and loads where higher temperatures are encounter: 
in modern design. The content of this alloy is 89 
tin, 3.5 copper and 7.5 antimony. It has been det 
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Burnishing bar for sheet bronze bushings. It is 
made of tool steel, hardened, ground and polished 


nitely proved by tests that an 89 Sn-3.5 Cu-7.5 Sb bab 
bitt is capable of withstanding higher impact loads and 
greater flexing than either S.A.E. No. 10 or S.A.E 
No. 11 Babbitts. 


Steel-Backed, Babbitt-Lined Bearings 


The present era created a call for the economuca 
manufacture of babbitt-lined bearings, and methods 
for laminating a thin layer of babbitt to a strip of stee! 
were developed. With exact temperature control and 
precautions to prevent oxidation, the babbitt is fu 
onto the steel strip in a continuous process creating 4 
perfect bond. The material is manufactured in ‘lat 
strips, which permit the stamping of oil grooves and 
oil holes of any design. The standard thickness 0! 
steel is 0.050 in. while the standard thickness of ba! 
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- 0.020 in. Either of these dimensions may be varied 
lightly. The total thickness of the lamination will 
ot vary more than 0.001 in. Main, camshaft, and 
mnecting rod bearings are produced extensively from 
his material. Bearings of this type can be made either 
» be line reamed or made to precision standards. Bush 
ngs requiring -babbitt linings are manufactured in the 
same manner. The advantage gained by using this 
iminated mater.al is purely an economical one. 


Steel-Backed, Bronze-Lined Bearings 


The low physical properties of babbitt at elevated 
temperatures, made necessary further research for a 
more suitable material to accommodate increased speeds 
and higher temperatures. It was necessary to keep in 
mind the highly desirable qualities of plasticity and low 
coefficient of friction that babbitt offers. These re- 
quisites were retained in an alloy containing copper 
and lead. The latter is held in suspension by catalytic 
and other agents. This alloy is slightly harder than 
the hard babbitts and is more able to resist pounding. 
Being fused to strip steel, the bearing is rigid. The 
lead content in this a'loy can be varried from 30 per 
cent to 40 per cent. The lower the lead, the harder 
is the bronze, the harder bronzes requiring increased 
hardness of the shafts. Being a mechanical mixture, 
the lead is diffused through the copper in a dendritic 
structure. More research remains to be done on the 


application of this type of bearing. 


Graphited Bearings 


Bronze bearings with a graphite compound inserted 
in the inner bearing surface are recommended for many 
applications. They are especially useful in installations 
where it is desired to eliminate the necessity of oiling, 
as when access to the bearings is difficult or oiling is 
likely to be neglected. 

The graphited bearings described here are designed 
to provide a rubbing surface of alternate sections of 
bronze and a graphite lubricating material. From 40 
to 45 per cent of the entire bearing surface provides 
graphite contact with the shaft. This is accomplished 
by cutting minute, dovetailed grooves, approximately 
|, in. in width into the bearing surface. The grooves 
cut in the metal are filled with a graphite composition 
which is compacied under high pressure by a patented 
cess. The serrations or grooves are filled flush with 
bearing surface, producing a uniform and smooth 
ricant of constant density throughout. 


n any good bearing material the bearing structure 

is composed of hard bearing crystals surrounded by a 
re plastic metal. Minutely spaced alternating me- 
‘and graphited surfaces produce a structure similar 
hat found in preferred bearing alloys. Here the 
hite structure surrounds the bearing metal in a 
siilar manner. The minute serrations do not affect 
ad carrying capacity of the bearing. Definite ad- 
wes are gained by confining the lubricant in the 
mn ute serrations, because the graphite compound is 
not dislodged through deformation during assembly 
int. the housing. The depth of the groove is such that 

| permit a long bearing life. 


e graphite lubricant used in this type of bearing 


is the result of much experimenting and a long series 
of tests to determine the following necessary char 
acteristics: (1) low coefficient of friction; (2) nec 
essary hardness-; (3) tenacity; (4) insolubility in 
water, alcohol, or oi] and its products; (5) absorption 
of lubricants. 

Two distinct tvpes of graphited bearin 
varving service are available: (1) Graphited cast 


bronze; (2) graphited sheet bronze. 


Graphited Cast Bronze 


Graphited bushings of the cast alloy type have the 
dovetailed serrations cut at an angle of 7 deg. to thi 
axis, in order that the shaft will be in contact with 
bronze and graphite surfaces at all times. This facil 
tates the reaming operation after the bushings are in 
place. The standard alloys given in the article, “Bronze 
Bearing Alloys,” appearing in the June number, can 
he used for this tvpe of bushing, depending upon the 
operating conditons. Under average service Alloy No 
27 wiil function efficiently. 

Cast graphited bushings are recommended for con 
stant running shafts having a limit of 7,500 in. Ib. per 
min. In other words, if the product of the peripheral 
speed of the shaft per minute times the load per square 
inch of projected bearing area does not exceed 7,500, 
this type of bearing can safely be used without further 
lubrication. 


Applications of these bearings include : 


Washing machines Concrete mixers 
Office equipment machinery Dairy machinery 
Cigarette manufacturing equipment Sump pumps 
Textile machinery Tractors 

Food products machinery Universal joints 


Automobile parts Trolley wheels 
Canning machinery Traveling ovens 
Household electrical equipment Textile machinery 


Sheet Bronze Graphited Bushings 


Coiled strips of sheet bronze have serrations cut 
longitudinally, and into them the graphite lubricant is 
forced under high pressure. Cutting the grooves rather 
than pressing or indenting insures an unfractured 
structure and maintains uniform hardness and strength 
Indenting by pressure displaces the metal and tends 
toward rupture. The graphited strips are then baked 
under controlled temperatures. In forming the flat 
sheet into a cylindrical shape the grooves automaticall) 
develop into dovetails which hold the graphite perma 
nently in place. 

Where slow, intermittent and oscillatory rotation of 
the shaft occurs, sheet bronze graphited bushings can 
be applied efficiently. They are most economical in 
large quantity production for applications such as 
rocker arms, brake levers, guide rollers, casters, 
sheaves, shock-absorbers, and railroad car doors 

Graphited sheet bronze bushings cannot be reamed. 
They should be burnished in place, using a burnishing 
bar such as shown in the accompanying drawing. 

Editor’s Note—The next in this series of articles on bearing 
metals and the design of sleeve-type bearings will be on the 
subject of their lubrication and will appear in the August number 
This will be followed by an article on the practical design of 


hearings and methods of making calculations 
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QUESTION AND COMMENT 














Wobble Motion for Vibrator 


J. E. FENNO 
Belleville, N. J. 


@ To obtain a high-speed reciprocat- 
ing motion from a_ slowly rotating 
power supply, the mechanism shown 
in the accompanying diagram operates 
on the reverse of the internal-gear 
overdrive principle, using relatively 
few parts. 

Internal gear A is rotated by the 
drive pulley B and meshes with gear 
C which is held from rotating by pin 
P restrained in the slot L. However, 
the gear C can move in a circular 
path around the ball D as a center, 
rotating the eccentric E and impart- 
ing oscillation to #, an eccentric strap. 

The velocity ratio between the gear 
A and the eccentric is readily obtained 
by considering power application in 
the reverse direction. With 42 and 
40 teeth on gears A and C respec- 
tively, the gear A advances 2 teeth 
for each rotation of the eccentric. 
Therefore, the eccentric rotates 21 
times for each revolution of the gear 
A. Or, with power supplied to the 
pulley B, the eccentric rotates 20 times 
for each revolution of the drive gear. 

Gear teeth in this design are sub- 
jected to sliding action but the effi- 
ciency of the unit compares favorably 
with other types of gearing provid- 
ing the same motion. The teeth are 





cut slightly deeper to compensate for 
the angular position of the inside gear 
as well as for the difference in the 
number of teeth in the gears. 

When used to drive a_ vibrating 
table, inertia impose smaller 
loads and consequently less wear on 
the gear teeth when a flywheel is used 
on the eccentric shaft. The cast hand- 
wheel at the left in this design thus 
steadies the power required. 


forces 


Design of 
Connecting-Rod End 


ROLAND V. HUTCHINSON 
Lansing, Mich. 


®@ Detail design of the section surround- 
ing the bushing in the connecting-rod 
end shown in the diagram depends 
upon fabrication methods as well as the 
applied loads. The part may be forged 
or welded, the fabricating method de- 
pending upon the shop facilities and 
upon overall dimensions of the com- 
plete part. Forging is assumed in the 
following analysis. 


B. A 


Using a non-rotating internal gear, a high-speed drive for a 


vibrating table requires but few parts 
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The rigid pin will limit deflection 
the round side of the eye, forcing th 
eye to stay circular as external loa 
is applied. Proportions of the sectioi 
B-B, assuming the stresses to be cit 
cumterentially guided around the ey: 
will be affected by press fit condition 
as well. For the dimensions A and the 
shank the proportions of the sectior 
A-A are governing factors. Unde 
the external load, the pin does not con 
trol the extent of local deflection in this 
region; the eye is a bent beam of vary 
ing section eccentrically loaded. 

Should more abrupt filleting than the 
approximate 32 in. radius be desired, 
the sections at both A-A and B-B will 
have to be deepened radially, for the 
change in fillet will increase the stress 
concentration around the hole. 

In the sketch, it is assumed that the 
eye between D and the shank is rigid 
enough to limit deflections to the region 
between A and D. The outline is 
sketched in by the eye to reasonably 
meet this assumption, giving a section 
depth at 4 and D of 44 and 43 in., re 
spectively. Bending moments and ten- 
sion loads are taken as the product ot 
half the shank load, the eccentricity, 
and the secant of 23 deg., the approxi 
mate angle between A and D scaled 
from the sketch. Eccentricity, bend 
ing moment and radical dimensions at 
A and D are inter-dependent, a fact 
that must be kept in mind in trial and 
error computation. 

The circular bronze bushing will not 
remain circular when installed, the out 
of-round condition reflecting the varia- 
tion of radial pressure existing between 
the surfaces in contact. In the pro- 
portions given, the average radial pres 
sure will not exceed 1,500 lb. per sq.in. 
and the average press-fit stress in the 
steel, at the inner wall of the eye bore, 
will be less than 4,000 lb. per sq.in 
The bushing merely preloads the eye, 
and the effect can be neglected in prac 
tice as the external forces load 
beyond the assembly stress range. 

However, if a replacement bushing 
of original dimensions is installed on 
repair, and the pin is only rounded up 
a little (as frequently happens in rush 
repairs of heavy machinery) load dis- 
tribution varies with the clearance 
Loading is no longer distributed but 1s 
concentrated close to the section /-5 
When the bearing surfaces do not 
form, the eye can bend, requiring 
ferent proportions to meet the \ 
conditions. Even initial clearance ‘a> 
this effect to some extent. 


it 





Minimum outline gm. These values of pivot radius are 
assuming perfect pin pit much larger than recommended in the 
es curve. 
A” \ Approximare. E ' : : 
4 Tension M00 in service experience shows that th 
> pivot radii used in each of these two 
types of instruments are near the mini- 
Dimensions of the mum. But the jewel bearings in in- 
AY i ‘ ( t ° ° . . ; ° 
; dicating instruments are subject to 
section of the bushed , . 7. 
of ; intermittent service while in the watt 
connecting-rod —en¢ hour meter, the bearing is in con 
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J P=/08300 1b. ' aoe depend on the bear- tinuous service. Therefore, the pivot 
‘ i \ \ grates - ' ing fit, the fillet radius recommended in the article 
M 4scutterR. + M4gmin-----3 lf 1 al! radius and the as- should be modified according to the 
Preferred ourtine wit afomanc for reasonable 7 laeseness’ sembly method. severity ot the service. 
. 4 [he relation between torque and 
as QL i s weight given in equation (6) in the 
a - Tp > article. works m3 bom 
‘ foentred Ee oS > article, works out we Il in practice. 
P —— With the torque 7 in millimetergrams 


and the weight JV in grams the ratio 


T/W** should not exceed 0.4 for elec- 

Lis For these reasons, it is desirable to J ] B : trical indicating instruments. This 

‘y increase the depth of section B-B, and CWE CaATINgS in relation was checked against per- 
for simplicity in manufacture, this sec- 


“ formance several years ago by plotting 
he tion is made concentric with the pin Electrical Instruments 


the ratio of torque to weight for a 


























od, center. But even with this design, if 7 _ large number of instruments. The 
rill the bushing should disintegrate and l'o the Editor: boundary line between satisfactory in- 
he the load come on the steel itself, the @ With reference to the article “Jewel struments and those with appreciable 
ess section at B will be greatly over- Bearings for Minimum Friction,” ap- friction, gave the relation, 
stressed. pearing on page 178 of the May num- T/W** — 0.375 
rr . . . . . . j _ 5 
the This example may well be the sub- ber, the usual electrical indicating in- / — 
Zid ject of photoelastic tests on bakelite strument has a pivot of about 0.004 Since this relation represents 
10n models. Model tests could also be cm. radius, and carries a load of 2 to boundary line designs, the exponent 
1S made using sheet rubber, ruled off in 5 gm. This pivot radius is about 4 of 1.5 and the constant of 0.4 will both 
bly ! in. squares. From the rubber models of the radius recommended in the be on the safe side. 
10n good “horse-sense” pictures of the curve, Fig. 5 in the article. Measurements of frictional torque 
re stress distribution may be obtained if In watt-hour meters, the pivot or on a well designed instrument in 
en- mly moderate loads are used in making ball radius is from 0.04 to 0.08 cm., dicate that the curve, Fig. 6 in the 
t of the tests on the model. and the bearing load is from 15 to 50 article, checks well with present prac- 
‘ity, 
X1- 
iled . . ry ° 
nd Comparative Index of Radial Type Ball Bearings 
S at 
fact ROBERT COREY DEALE 
and Babylon, OL 
| not ®@ Type numbers used by various ball bearing manufacturers designations. Many additional types are available, as offered 
out- do not always conform to S.A.E. standard designations. This by the various ball bearing manufacturers only ten of which 
aria- situation often is confusing, particularly since all manufac- are included in this table. The three series numbers for 
ween turers do not offer all types of bearings. The accompanying each of the six groups designate bearings for light-duty, 
pro- table lists only those type numbers corresponding to S.A.E. medium-duty and heavy-duty service. 
pres 
$q.1n. — — 
1 the MRC Hess ; 

Type of SAE Gurney Gurney Strom New | Bright Fafnir | Schubert | Federal CIB Norman 
bore, Bearing New No. Old No. IDepartare| SKF | | | | Hoffmann 
— Sieiiaiitints 200 | 200-M | 200Rad. | 200-N | 1200 | 1200 | 200-W | 200-N | 1200-M 200 | MT-200 
eve, Radial 300 | 300-M | 300 Rad. 300-N | 1300 1300 300-W 300-N | 1300-M 300 =| MT-300 
pra _— 400 | 400-M | 400 Kad. 400-N | 1400 | 400 400-W 400-N | 1400-M 400 | 
id it a 200 200-C 200-C 200 | 3200 | 6200 200 K 200 «=| 1200 6200 200 

[eg eel 300 300-C 300 C 300 | 3300 6300 300 K 300 1300 6300 300 
— 400 | 400-C 400 C 400 3400 | 6400 400 K 400 1400 6400 | 400 
shing Single-Row 7200 | 7200 200 RT 200 | 7200&7200-P| 0200 | 7200 | 7200 | 7200 7200 =| 4200 
od on Angular 7300 7300 300 RT 200 | 7300 & 7300-P | 0300 7300 7300 7300 7300 4300 
aos Contact 7400 7400 400 RT 200 | 7400 & 7400-P eae 7400 | 7400 7400 | 4400 
b U} _——— ee _ — — - — “ 
rush uble-Row 5200 5200-K | 200DR | 5200 lw... eee} 5200 5200 
ra Radial 5300 =| 5300-R | 300DR 5300 | id 5300 5300 
d dis- si 5400 5400-R | 400 DR ; | 5400 | -.++-| 5400 3400 
rancs ible-Row | 5200 | 5200K | 200DR200| 5200-A | 5200 5200 A | 5200 =| 9200 5200 
but is \ngular | 5300 | 5300 | 300DR 200] 5300-A 5300 | 5300A | 5300 | 9300 5300 
DR ontact | 5400 | 5400 | 400 DR 200 5400-A | 5400 | 9400 5400 
t con- _— | 100-N | 100-N ms | 100 100-A 
f N c Redial | 1-N 1-N | la 
g all- gous 50-N 50-N : ee 50 
n Extra 8 : ea ND8 | Es | 8 FB 8 E 8 
is Small | 36 36 36 36 36 36 36 9432 C-96 





Courtesy of the Norton Company, Grinding Machine Divisior 


PRODUCT ENGINEERING + JULY 1934 267 





weight of 5 gm. the 
measured friction was 0.084 dyne-cm., 
-omparing with a value of 0.07 given 
n the curve. —B. E. LENEHAN 
Veter Engineer 

Mfg. Company 


tice. For a 


Westinghouse Electric ¢ 


lo the Ed.tor 

@ On page 179 in the article appearing 
in the May number on jewel bearings, 
lig. 5 gives the radius ot the pivot in 
In the original curve ap- 
pearing on page 21 of the National 
Physical Laboratory report, “An In- 
vestigation of the Problems Relating 
to the Use of Pivots and Jewels in In- 


centimeters. 


struments and Meters,” the pivot 
radius is given in millimeters, so that 
the numerical values for the pivot 


radius as given in the Product Engi- 
neering article are ten times too large. 
—V. SToTI 

Vational Physical Laboratory, England 


Editor's Note—We regret this error 
in our curve giving the minimum pivot 
radius for a given pivot load. The 
pivot radius referred to in = Mr. 
Lenehan’s discussion is thus approxi- 
mately twice rather than } of the mini- 
mum radius. 


Mental Perspective 
in Problem Analysis 


P. H. BRYANT 
South Euclid, Ohio 


@ Recent articles in Product Engineer- 
ing have suggested systems of problem 
analysis following a fixed routine of 
thought through to a point where a line 
can be drawn and the algebraic sum of 
the separate factors then stand forth as 
the probable solution of the problem. 

\Ithough the value of an orderly 
procedure in the development of con- 
structive thought cannot be overesti- 
attention is being 
centered on details of such systems, 
and not enough on the mental charac- 
teristics essential to the system. The 


mated, too much 


tendency of some of the articles is to 
create the impression that a given list 
of questions will apply broadly to all 
sorts of problems, and when fully 
answered will cover all of the contin 
Such 


gencies. an impression is mis 


leading. In the field of creative design, 
no blanket catechism will serve a use- 
ful purpose. 

Methods of attack must be suited to 
each separate individuality. 
rarely that a 
working formula 
other, since each designer must de 
velop his own method, adapted to his 
temperament, habits of thought and 
class of problems. 


It is only 
designer can use. the 
prescribed by an 


One essential mental characteristic 
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of any method of problem analysis is 
the ability to form a mental image in 
true perspective of the problem even 
though those essentials may not yet 
have real form or substance. The de- 
signer must have the ability to detach 
the problem from its environment, to 
set it off in a corner with a contrast- 
ing background. In solving problems 
of interference, this habit is especially 
helpful, requiring only — directed 
thoughts. 

Many types of problems peculiar to 
engineering are readily solved in this 
manner once the practice of mentally 
giving form and substance to tentative 
designs becomes a matter of routine. 


Pin and Shaft 
of Equal Strength 


lo the Editor: 

@ Although it is interesting, the 
analysis given on page 187 of the May 
number in the article by H. F. Bariffi 
is of little practical value in the design 
of safety shear pins. 

If Equation (5) is solved by New- 
ton’s approximation rule, the ratio 
r_/r, is found to be 0.397. This solu- 
tion applies to all shafts which meet 
the assumptions given in the article, 
and it is apparent that such a pin is 
so large in proportion to the shaft that 
the assumptions cannot be considered 
safe. With such a large pin the shaft 
section is far from circular, and the 
torsional strength cannot be deter 
mined by Equation (2) as assumed. 

Whenever a pin of reasonable diam- 
eter is used in a shaft of the same or 
stronger material, it is apparent from 
the ratio of r, to r, that the shaft will 
stand a load greater than the shearing 
streneth of the pin. 

—NoRMAN M. WICKSTRAND 
VUeriden, Conn. 


Market Investigation 
by Questionnaire 


To the Editor: 
@ General Motors engineers may not 
follow all the ideas indorsed by the 
majority of replies to their question- 
naire but if they had relied merely 
upon their own judgment, many popa 
lar design changes might have been 
overlooked. Even though their execu- 
tives think they know what is best for 
the public, no company can afford to 
ignore the opinions of their prospec- 
tive customers. 

Every member of a concern engaged 
in the development of a product holds 
a biased opinion, whether he wants to 


PRODUCT ENGINEERING + JULY 1934 





or not. Furthermore, the public a 
ceptance is variable. Today an artic 
may be acceptable while a few weel 
earlier or later it may be reject 
Likewise, an idea may “take” in 01 
locality and fail in another. 

All concerns cannot use the sar 
manner of approach as the one Ger 
eral Motors used, but there are mai 
other ways of finding out these cu 
tomer preferences. At least, the fie! 
for a new product should be cai 
fully investigated before investing 
tools and equipment. Otherwise, co: 
ditions may develop as in the exam 
of a concern that produced a sm: 
machine for use in a specific field. P: 
ceeding on the assumption that t 
machine was useful and practical at 
that it could be sold at a certain pri 
an expensive tooling program was cai 
ried through to obtain this low pri 
\fter the machines were produced it 
developed that less than half of th 
machines could be sold in a reasonabl 
time and at a normal expense. |: 
vestigations then disclosed a_ limited 
market at the established selling price 
This condition could have been dete: 
mined beforehand by the use ot 
market investigation using a questio1 
naire similar to the one described o1 
page 21 of the January number 
Product Engineering. 

—M. G. DEMOUGEOT 
Assistant Factory Manag 
International Banding Machin 


Fillet Profiles 


lo the Editor: 
@ Optical difficulties in making accu 
rate measurements — of 
boundaries limit the 
which boundary 
tained, according to the article, “Stress 
Concentration Produced by Holes and 
Notches,” appearing on page 92 ot the 
March number. Dr. R. V. Baud in his 
article in the April number on “Fillet 
Profiles for Constant Stress,” does 
state what photo-elastic material 
what method of measuring stress was 
used, or within what limits of 
constant boundary 
tained. Unless elaborate precaul 
were taken, the accuracy of es 
determinations might not Dé 
within plus or minus 5 to 10 pet 
The use of the phrase 
dynamical analogy” in the id 
article seems unfortunate, as the 
“analogy” ] 


stresses 
accuracy with 


stresses can be 


stresses were 1) 


stress 


has ordinarily been limited 
to applications in which = an 
mathematical relation has been WI 
to exist. If such an exact ai ‘4 
were known to exist in the cas let 
discussion, photo-electric tests 
he superfluous. In reality, the 
uses a practical “cut-and-try” 





id takes the contour of a free jet of 
luid as a likely starting point. His 
treatment of the bending problem is 
explicitly the cut-and-try method. 

—E. E. WEIBEL 


University of Michigan 


Shaft Deflections 


the Editor: 

@in his article, “Determining the 
Critical Speeds of Shafting,’” in the 
June number, W. C. Willard uses the 
term “maximum deflection” in calcu- 
lating the critical speed, whereas his 
Equation (1) is derived on the basis 
of the deflection under the load. The 
maximum deflection of the shaft does 
not always occur under the load. 
—E. S. AULT 

Case School of Applied Science 


To the Editor: 

@ The term “total deflection” rather 
than “maximum deflection” might 
have been clearer. The shaft deflec- 
tion at the load caused by all loads on 
the shaft was the idea that the term 
was intended to convey. 

\s published, the article omitted 
units assigned to constants in Equa- 
tions (2), (3) and (5). The weight 
of the concentrated load II’, and the 
weight of the shaft S are both ex- 
pressed in units of 100 Ib. In Equa- 
tions (7) to (14) inclusive, the pub- 
lished article also omitted the units 
assigned to Rk. Changing the constant 
4.263 to 4,263, the reaction R is in 
terms of “kips,” or units of 1,000 Ib. 
As published, the values of R are in 
units of 1,000,000 Ib., a unit incon- 
veniently large. —W. C. WILLARD 

Buffalo Forge Company 


Natural Logarithms 


To the Editor: 
@in the article, “Fillet Profiles for 
Constant Stress,” appearing on page 
133 of the April number, the last equa- 
tion given on the page does not check 
with the values given in Table II in 
the article. Is the formula correct as 
shown ? —Cart P. Nacnop 
Vice-President 
Vachod & United States Signal Co. 
i iitor’s Note—The equation re- 
fern] to by Mr. Nachod involves 
Natural logarithms, and therefore the 


ter) /og in the equation should carry 
the -bseript c. The values in the table 
are roperly calculated on the basis of 


natu al logarithms. In scientific work 
the + \tural log is more commonly used, 
whi) in mechanical design the base 10 
IS linarily involved. In order to 


Velocity Factors for Various Types of Gears 
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Chart for 
Barth Gear Factors 


FRANK A. MICKLE 
Associate Professor, University of 
Michigan 


@ Data given in the tables of Barth 
Gear Factors on page 160 of the April 
number can be presented in a more 
convenient form on charts. Since the 
basic value is velocity and the second- 
ary value is the velocity coefficient, 
these factors form the coordinates for 
the curve reproduced in the accom- 
panying chart. 


Most commonly used for straight 
spur and bevel gears, the equation with 
the factor 600 gives the lowest velocity 
coefficient. For helical gears and 
ground straight-tooth gears, the curve 
based on 1,200 is also shown, along 
with a similar curve for helical and 
herring-bone gears, in which the fac- 
tor of 3,000 is used. However, in the 
A.G.M.A. Recommended Practice for 
Herringbone Gears, this: last relation 
has been replaced by the one in which 
the factor 78 appears. 

The upper right-hand portion of the 
chart is a continuation of the main 
chart with the velocity factors drawn 
to an extended scale. 





avoid this misunderstanding, we will 
hereafter indicate the base of the 
logarithm. 


Names for Materials 


@ Quoting from one of many letters 
received, “Referring to your editorial 
‘A Job for Engineering Societies to 
Start,’ we believe that a nomenclature 
of materials based on applications 
would do away with much annoyance 
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and unnecessary arguments. All metal- 
lurgists and engineers will undoubtedly 
be heartily in favor of this move pro- 
posed by Product Engineering.” 

Undoubtedly many more of our read- 
ers have definite thoughts on this sub 
ject. The question is not whether 
trade names should be abolished. It 
relates to the feasibility of establishing 
an intelligent nomenclature for mate 
rials. 

In a forthcoming number we will 
publish the opinions on this question 
as expressed by our readers and rep 
resentatives of engineering societies. 
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Hinges and Pivots for 


HENRY J. MARTIN 


Fig. 31—Common steel hinge applied to a 
machine tool cover. 





Fig. 32—Cover lugs cast integrally and pivot AY: 
pins fastened in loose piece for greater span. 
; see ; F1G.31 
Fig. 33—When swinging member A must be 
removable, bearing is cut as in upper view. = 
lHie 
i 





— 





Fig. 34—-Swinging rod retained by pinned 
collar A. Both lugs are integral with the 
casting. 





FIG.32 














Fig. 35—Pivot bearing as used on an adjust- 
able vise jaw. 








Fig. 36—Toggle or pawl joint. Angle A 
should be 30 to 45 deg. to retain the member. 





Fig. 37—Radial and axial play are taken up 
by the hardened and ground bushings tapered 
to an included angle of 224 deg., sufficient to 
prevent sticking. 









































Fig. 38—Needle bearing pivot for either ro- 

tation or oscillation, with three hardened and 

ground washers for separating the rollers. i KA LL 
Fig. 39—Three ball joints used in a gear shift j Hi | 

mechanism. Hole A is in shifting rod, B is oh | 


the pivoting center which is retained by the 
inserted locating plug at C. 
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Covers and Flexible Joints—I1 



































































































































F1IG.41 
SYS ; t RS 
a 
it 
it 
iit = 
i} q 
Bes = 
“It 
F1G.43 
ES 
| © | 





























Ain iy 
(EEE > 
bil 

SRW 
































FIG.46 














Fig. 40—Socket joint with hemispherical rod 
ends held in place by screw bushings. 


Fig. 41—Self-adjusting socket joint. The 
sheet metal spring cover is held in place by 
two screws. 


Fig. 42—Sheet metal ball socket housing 
with cover fastened by spot welding. 


Fig. 43—The flattened sphere is held by the 
center stud. Felt seals are used to retain the 


grease. 


Fig. 44—Combination pivot joint and end 
thrust bearing, ball being retained by the 
washer spun over the fixed screw. 


Fig.45—Arm joint of a pantograph ma- 
chine, with center stud clamped without end 
play, stud head and bushing end forming the 
ball race. 


Fig. 46—Rocker arm bearing as used on air- 
plane. 


Fig. 47—Universal joint, the smaller pin be- 
ing retained by wire snap ring. 


Fig. 48—Arm joint designed for accuracy. 
Upper ball bearing takes all thrust caused by 
weight and the spindle is pinned to the sta- 
tionary member. The bearing has a light 
press fit. 




































































FIG.48 
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NEWS 











Shortage of Trained Engineers 
Is Predicted 


Technical colleges graduating fewer 


men while scope of engineering field 


is continually broadening 


N ANSWER to the question, “Is 

engineering overcrowded?” — Dr. 
Harvey N. Davis, president of Stevens 
Institute of Technology, emphatically 
said “No,” and backed up his an- 
swer with much convincing data and 
logic. His address was the first of a 
series of talks by college presidents and 
deans, ushering in the Choosing-A- 
Career Conference held at L. Bam- 
berger & Company, in Newark, N. J., 
and was broadcast over Station WOR 
on May 31. Dr. Davis emphasized 
that one must not let the present tem- 
porary condition warp one’s judg- 
ment as to permanent trends. The real 
question is, “Over the working lifetime 
of a young man now choosing a career, 
will engineering be overcrowded ?” 

In his answer to this question, Dr. 
Davis referred to the study made last 
winter by the statistical staff of the 
American Telephone & Telegraph 
Company, under the direction of Gen- 
eral Rees, vice-president of that com- 
pany. A curve was constructed show- 
ing how many engineers are being 
graduated, year by year, from all of 
the schools of the country over the 
period from 1920, through 1937. The 
last four vears of this curve are based 
upon the number of men entering col- 
leges, corrected for the probable num- 
ber of non-graduates as indicated by 
past records. From slightly less than 
9,000 graduates in 1921, the trend of 
the curve is upward, indicating 11,000 
graduates in 1937. From 1927 to about 
1933 the number of engineers grad- 
uated annually was above the trend 
line, while for 1934 the total number 
graduating from engineering schools 
will be definitely below the trend line. 
By 1937 there will be graduated some- 
thing like 3,500 fewer men than indi- 
cated by the normal trend line. 

Referring to a remark made about a 
vear ago by Dr. James A. Farrell, for- 
mer president of the United States 
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Steel Corporation, to the effect that 
American industry would soon find 
itself facing the worst shortage of tech- 
nically trained men it had ever known, 
Dr. Davis stated that already occa- 
sional straws are showing which way 
the wind is blowing. As an example, 
nearly three-quarters of last year’s 
graduating class at Stevens now have 
jobs, and the Alumni secretary at 
Stevens recently stated that he is sud- 
denly beginning to have real trouble in 
finding enough keen young Stevens 
graduates with four or five vears of 
actual experience to match the oppor- 
tunities that are coming to his desk. 

Another reason advanced by Dr. 
Davis for believing that engineering is 
not going to be overcrowded during 
the coming quarter century is that the 
scope and range of the engineering 
field is continually broadening. Not 
only will there be a considerable reab- 
sorption of men as a result of the de- 
velopments taking place in all fields of 
industry, but management and indus- 
trial engineering, historically children 
of mechanical engineering, are now 
beginning to draw heavily upon trained 
engineers for their personnel. 

In closing his address, Dr. Davis 
said, ‘‘Four years from now there will 
not be enough engineering graduates 
to meet even the technical demands of 
the profession, to say nothing of all the 
other opportunities for engineers.” 


Temperatures 


Affect Wear Rate 


ARDENED and tempered plain 
carbon steels, tested in a hydrogen 
atmosphere on the Amsler wear test 
machine, show an abrupt transition 
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from one rate of wear for specime: 
tempered at a low temperature to a 
extremely high rate of wear for spec 
mens tempered at the higher temper 


ture. According to tests conducted | 
the National Bureau of Standards, tl 
wearing of specimens tempered at tl 
higher temperatures results in a brig! 
rough surface and the rate of wear 
extremely high. 

It is indicated by these tests that tl 
tempering temperature which cor 
sponds with the change in type of we: 
increases with increasing carbon cor 
tent of the steel. For 0.4 per cent cai 
bon steel, the transition temperatur 
is close to 200 deg. C; for a 0.8 per 
cent carbon steel, it is at about 300 
deg. C., and is between 400 deg. and 
500 deg. C., for a 1.3 per cent C steel. 

These studies have been made, fo: 
the most part, under a given set of 
conditions with reference to the con- 
tact pressures between the specimens 
and the amount of rubbing between the 
two specimens rotating at 
different speeds. 


slightly 


New Effects with 
Steel-Faced Plywood 


REAT crowds are being attracted 
to the new Ford Building at the 
Century of Progress. Many people 
consider it to be the most attractive 
and magnificent structure at the Fair, 
Such an impression is largely the re- 
sult of striking effects created through 
the use of a new type of architectural 
treatment for columns, entrances, in- 
terior panels and trim. 
farge areas of wall surface are cov- 
ered by pre-fabricated plywood sheets, 
$ in. thick with a 14-oz. alloy-steel 
face and a galvanized-steel back. Deco- 
rative bands around the interior court 
have a serrated or corrugated face 
providing an unusual effect. Entrance 
and court columns are formed of sheets. 


1 
I 


Kunial Alloys 


URTHER information on the re- 

cently announced Kunial alloy de 
veloped in England discloses that this 
brass in an age-hardening form is a 
material of a type already well known 
among American metallurgists. In 
fact, the physical properties claimed 
for the Kunial alloy hardened by hicat- 
treatment from either the soft or cvld 
worked condition are hardly equa! t 
the properties found in commerce all 


available  nickel-silicon-copper = 4nd 


beryllium-copper alloys. 
According to W. H. Bassett, 1 ‘ta! 
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rgical manager of the American 
Ihrass Company, “The Kunial material 

an alloy of copper, nickel and alumi- 
num in which the aluminum is gen- 
erally not more than one-fourth the 
nickel content. The American equiva- 
lent to the Kunial alloy is Tempalloy, 
product of the American Brass Com- 
pany, in which silicon and nickel are 
used for precipitation hardening, the 
silicon usually being about one-fourth 
the nickel content. In Kunial it is usu- 
ally considered that hardening is ac- 
complished with Ni,Al; with Tempal- 
loy the hardening is produced by 
Ni,Si, although it is customary in 
Tempalloy to add a small amount of 
aluminum in order to overcome scaling 
in heat-treatment. Either nickel and 
silicon or nickel and aluminum may be 
added to copper to bring about harden- 
ing, or these alloy additions may be 
used in connection with such nickel 
alloys as German silver, nickel silver, 
as well as with brasses.” 

\s to the future, Mr. Bassett states: 
“In our opinion we have only begun to 
hear of alloys of this type, the proba- 
bility being that both silicon and alumi- 
num will be used in connection with 
nickel. As the constituents for precipi- 
tation hardening, these alloys are an- 
nealed or softened by heating to about 
850 deg. C. (1560 deg. F.) and 
quenched. These materials are then 
hardened by heat-treating at about 450 
deg. C. (850 deg. F.). The material 
may be cold worked when in the an- 
nealed condition, heat-treatment at 400 
deg. C. (750 deg. F.) producing even 
greater hardness and strength.” 


A.S.T.M. 


Revised Standards 
GPECIFICATIONS and tentative 


standards for cold-rolled strip steel, 
stainless, magnesium = alloys, and 
welded steel pipe are among those re- 
vised at the annual meeting of the 
\merican Society for Testing Ma 
terials. To agree with N.R.A. Code 
tolerances, gage tolerances for strip 
ind sheet steel were revised. Recog- 


nizing that physical properties alone 
(do not indicate the drawing properties 

sheet steel, this part of the revised 
. rd is now included in an appen- 


tative standards on welded cor- 
resistance articles of austenitic 
alliless steels now specify heat-treat- 
ment at not less than 1,800 deg. F. for 
1] of at least one hour for each 


in. in thickness, followed by rapid 
Olig inair. This treatment not only 
ereises the resistance to corrosion, 
Mut aso relieves internal stresses de- 
velop 1 during manufacture. The 


stand rd specifies that no further weld- 


ing or heating shall be performed sub- 
sequent to the annealing operation. 

Alloy-steel nuts for high-tempera- 
ture service, are to be cold-cut or hot 
forged and cold-trimmed: nut cuts 
from drawn or rolled bar stock are not 
permitted under new revisions of this 
standard. Tentative specifications were 
also. proposed for  electric-fusion- 
welded steel pipe, for high-temperature 
and high-pressure service. This speci- 
fication includes physical tests, radio- 
graphic examination, and stress-reliev- 
ing treatment. 

Revisions were also presented for 
tentative specifications of magnesium 
alloys, covering eleven compositions. 
Five of these alloys are for castings, 
two are for rolled sheet material, 
while five are suitable for forging. 


Carnegie Tech to 
Teach Industrial Art 


ECOGNIZING the need in indus- 
-‘Atry for artists trained to design 
products of utility to be maue in quan- 
tity production, Carnegie Institute of 


MEETINGS 





National Metal Congress—New 
York, N. Y., Oct. 1-5, the follow- 


ing societies participating: 


American Society for Metals 
Hotel Pennsylvania, October 1-5 
W. H. Eisenman, secretary, 7016 
Euclid Ave., Cleveland, Ohio. 


American Welding Society—Ho 
tel New Yorker, Oct. 1-5 Miss 
M. M. Kelly, secretary, 29 West 
39th St., New York, N. Y. 


American Institute of Mining and 
Metallurgical Engineers—Institute 
of Metals Division, Hotel Penn- 
svivania, Oct. 2-4. John ¥ 
Breunich, assistant secretary, 2” 


West 39th St., New York, N. Y. 


EXHIBITIONS 





National Metal Exposition— Port 
Authority Bldg., New York, N. Y., 
Oct. 1-5. W. H. Eisenman, d1- 
rector, 7016 Euclid Ave., Cleveland, 
Ohio. 


Power Show—1lth National Ex- 
position of Power and Mechanical 
Engineering, Grand Central Palace, 
New York, N. Y., Dec. 3-8. Charles 
I. Roth, director, Grand Central 
Palace, New York, N. Y 
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lechnology is introducing a course ot 
industrial design in the Department of 
Painting and Design. According to 
Prof. W. A. Readio, chairman of the 
Department of Painting and Design, 
progressive manufacturers have shown 
a trend, especially marked in the last 
five years, toward a consideration of 
artistic quality on an equal footing 
with mechanical improvements. The 
artist’s contribution to the motor cause, 
glass, utensil and appliance fields has 
established him as inglispensable in the 
creation of modern quality products. 

According to Professor Readio, the 
raditional view that the artist is a 
handicraftsman whose existence is 
threatened by the debasing machine is 
a misconception which has often barred 
the artist from a field logically his. It 
is the primary aim of the new course 
to develop a type of artist-designer 
who will look upon the machine as a 
means for making useful articles pos 
sessing refinement of form and attrac- 
tive appearance. 

Included in this course is a thorough 
study of the principles of design, draw- 
ing and the history of the arts and 
crafts up to modern times. With this 
background, the students will spend the 
latter half of his four years studying 
artistic expression as modified by the 
nature of quantity production, the char- 
acter and limitations of the various ma- 
terials, consumers needs and market 
ing problems. It is expected that the 
student so trained should be prepared 
to meet the needs of a particular indus 
try with a minimum of time lost in 
training at the plant. 


New System 
of Speed Ratios 
pRASED on a 224 per cent increase 


from one ratio to the next highet 
ratio, instead of the 25 per cent ob 
tained with the use of “10” series, a 
new system of standard electric motor 
speeds was suggested by B.D. Weaver, 
before a recent meeting of the Amer 
ican Gear Manufacturers Association. 
The new series is said to permit the 
use of the same development for 60, 50, 
40, 30 and 25-cycle motors, with syn 
chronous speeds of 1.800, 1,500, 1,200, 
1,000 and 800 r.p.m., with a deviation 
of approximately 2 per cent in the out 
put speeds of the 50 and 25 cycle 
motors. 

This system of ratios will require 
the “40” series. The disadvantage in 
the use of the “10” series arises prin 
cipally in applying motors where odd 
frequencies are encountered, making it 
necessary to increase the number of 
ratios to give low speeds reasonably 
approaching the speed obtained with 
60-cvcle motors. 





Roller-Smith Control 
Switches 


Designated as *Type R, for use on 
switchboards and control panels, tor 
connecting electrical measuring instru- 
ments and for operating control 
switches. Current carrying contacts 
are rated at 15 amp. 150 volts, a.c., and 
are insulated for 600 volts. Self-align- 
ing moving contact bridges two fixed 
contacts making pigtail and spring- 
type connections unnecessary. Con 
tacts are silver-faced and mounted in 
a molded Bakelite structure supported 
on two formed steel side-plates, held 
between steel end plates which carry 
bearings for the rotating shaft. Bake- 
lite cam mounted on the shaft engages 
an indexing plunger. Available with 
either round, notched handles or with 
finger-grip handles, with a mechanical 
indicator showing a red or green 
marker to indicate the last operation. 
Designed for mounting on panels from 
& to 2 in. thick. Body of switch is 
3x3 in. Length back of panel varies 
from 6} in. for 2 contacts, to 10% in. 
for 8 contacts. Supplied in various 
combinations of single and double 
poles. Roller-Smith Co., 233 Broad- 
way, New York, N. Y. 


Limitorque Valve 


O perator 


Consists of a self-contained electric 
motor, gear reducer and limit switches. 
Valve operating nut raising and lower- 
ing the valve disk is carried on tapered 
roller bearings and driven through a 
worm shaft geared to an electric mo- 


tor through a helical gear drive. 


Totally inclosed motor operating at 
1,800 r.p.m. is flange-mounted to the 
Gear-driven 


gear case. mechanical 





New MATERIALS AND ParTs 









limit switch stops the motor when 
valve reaches the full open position. 
Operation in the closing direction is 
limited by a torque limit switch. The 
worm is driven by splines on the worm 
shaft and end-wise movement is 
normally opposed by a heavy coiled 
spring. When the valve closes or 
when it meets an obstruction at any 
point in its closing motion, end thrust 
on the worm compresses the helical 
spring, and a flange on the worm 
opens a snap switch. Available for 
valves of 2 to 72 in. in diameter, and 
for pressures up to 1,000 lb. per sq.in. 
Said to be adaptable to every form of 
gate and globe valve, door operator, 
sash operation and for other mech- 
anism having a definite movement that 
must be stopped or reversed at the end 
of travel. Philadelphia Gear Works, 
330 West 42d St., New York, N. Y. 


Tubular Lamps 


Designed to be placed end-to-end to 
form a continuous line of light for 
architectural and fixture applications, 
the lamps incorporate a new type of 
seal between the glass tube and metal 
base, eliminating basing cement. At 
each end of the tubular lamp a chrome 
iron contact cap is sealed directly to 
the glass tubing. Within the tubing a 
single stretched-coil filament is drawn 
into a continuous line from one end- 
contact cap to the other, held by wire 
filament supports attached to a channel 
backbone inside the bulb. Available in 
30- and 60-watt units, with an overall 
length of 17% in. and a diameter of 1 in. 
Designed for a life of 1,500 hr. Gen- 
eral Electric Co., Nela Park, Cleve- 
land, Ohio. 
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Janette Speed Reducers 


Motorized double worm-gear reduc 
tion units available with motors up to 
1 hp., having ratios ranging from 96 to 
1, up to 8,100 to 1. Supplied with di- 
rect current, single-phase or polyphase 
motors. All gear shafts operate on 
tapered-roller bearings. Motors are 
ball bearing. Polished steel worms and 
bronze gears designed for high-torque 
applications. Janette Manufacturing 


Co., 556 W. Monroe St., Chicago, III 





Porcelain Indicating 
Cutouts 


Plug and cartridge fuse bases ‘ave 
integral neon lamp indicators. \\ hen 
the fuse blows, neon lamp glows 


cating fuse to be replaced. Inserting 
a new fuse stops the neon glow. ~:nce 
lamp glows only when the tu > 


blown, lamp is said to have long !il!€ 
Lamp draws no measurable cu 





rs 


duc- 
ip to 
IH to 
1 di- 
hase 

on 

are 
and 
yrque 
ring 
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and indicates open fuse with or with- 
out load on the circuit. Mounting holes 
and wiring terminals are interchange- 


able with standard types and available 
for 30, 60 and 100 amp. capacities. 
Finished in green porcelain. L. S. 
Brach Mfg. Corp., Newark, N. J. 


G-M VW eather proof 
Photoelectric Relay 


Designed for outdoor use, relay is 
completely inclosed in a cast aluminum 
case, with a hinged cover sealed with 
a gasket. As illustrated, cover can 





be fitted with tubular visors to shield 
out undesirable light and to protect the 
windows from the weather. Light from 
a lamp behind the upper visor is 
focused on the weather-protected mir- 
ror and reflected back to a photoelec- 
tric cell behind a lens in the lower 
visor. Relay designed for operation 
on 110 volt, 60 cycle current only. Re- 
lay contacts are rated at 2 amp. a.c., 
non-inductive loads ; speed of operation 
600 per min. Photoelectric cell is of 
the caesium type, gas-filled. Case di- 
mensions are 13 in. high, 104 in. wide, 
6 in. deep, not including visors. G-M 
Laboratories, Inc., 1731 Belmont Ave., 
Chicago, II. 


Magnolia Bronze 
Bushings 


Semi-finished outside and inside, in 
standard lengths of 12 in., bearing 
bronze bushings are available in a ma- 
terial corresponding to S.A.E. specifi- 
cation No. 64. Physical properties 
are: Brinell 55, tensile strength 25,- 
Ib. per sq.in., elongation in 2 in. 8 
per cent. Composition is said to pro- 
vide excellent bearing qualities com- 
bined with strength and toughness. 

lable in solid and cored bars from 
I t 5 in. outside diameter. Outside 
diat eter is 1/16 in. oversize, inside 
diameter 1/16 in. undersize. Also 
available in 13 or 14 in. lengths. Mag- 
noli: Metal Co., 120 Bayway, Eliza- 


beth. N. J. 


Ideal Sealing Compound 


For use with or without a gasket to 
seal metal joints against pressure or 
vacuum, and as a lubricant for 
threaded joints. Compound has a 
castor oil base, free of grit. Said to 
be non-soluble, non-corrosive and non- 
oxidizing, and to resist temperatures 
up to 400 deg. F. Also said to pro- 
tect electrical connections and battery 
terminals from chemical corrosion. 
Recommended by the manufacturer 
for use in fabrication or assembly of 
mechanical units that are required to 
be easily and quickly disassembled. 
Available in 3 and 8 oz. tubes and in 
drums up to 135 lb. Ideal Commutator 
Dresser Co., Sycamore, IIl. 


Mercury Tube Switch 


Plunger extending through the side 
of the case is arranged to tilt the mer- 
cury tube to make or break an electri- 
cal circuit. Designed for use as a 
switch in the pilot circuit of motor 
controllers; can be used as a limit 
switch on motor driven machines. Case 
is approximately 5x3x1{ in.; available 
in two capacities, 10 amp. 125 volts, 
and 30 amp. 125 volts, a.c. or d.c. Also 
available without plunger, operated by 
rocking the switch. Hart Mfg. Co., 
Hartford, Conn. 


Electromagnetic Valves 


For remote control of oil, gas, air, 
refrigerant and water lines, electrically 
operated valve is supplied in a bronze 
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or non-magnetic iron body having a 
housing on the side inclosing an elec- 
tromagnet. When energized, the mag- 
net pulls a steel ball horizontally from 
the valve seat, holding it against a 
metal wall between the magnet and 
valve body. The ball, which is the 
only moving part, is totally inclosed, 
and there are no packings or plungers. 
Valve is said to be suitable for use 
underground or submerged and in ex- 
plosive liquids or gases. Available 
in six sizes for pressures from 6 to 
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225 |b. with all electrical parts sealed 
within the valves. A. F. Hoppe En 
gineering Co., 246 S. Meridian St., In- 
dianapolis, Ind. 


Trent Immersion Heaters 





Supplied with a body of seamless 
brass or copper fabricated from one 
length of tubing and welded into the 
head, as shown at the right in the il- 
lustration. Outlet box attached to the 
head is removable and can be rotated 
to suit the position of the wiring. 
Thread under the head is 1} in. stand- 
ard pipe thread. Heater can be con- 
nected for one or three heats, the 
three-heat unit also supplied with a 
switch attached to the outlet box. 
Bodies can be supplied lead plated or 
in steel or chrome alloy as required, 
to resist corrosion. Available in body 
length from 6 in. to 16 in.; in ratings 
from 500 to 2,500 watts, 115 or 230 
volts. As shown at the left, also 
available as a side-arm heater with 3- 
heat switch, cord and plug. This unit 
supplied in ratings from 1,000 to 2,000 
watts, arranged for }-in. pipe connec- 
tion. Harold E. Trent Co., 640 North 
54th St., Philadelphia, Pa. 


Cabinet Thermostat 


For inclosed type heating, cooling 
and air conditioning units, thermostat 
is arranged to break an electric circuit 
on increase of room temperature to 
control an electric heating element, a 
gas valve or fan. For cooling units, 
the thermostat is arranged to make the 
circuit on increasing temperature. 
Thermostat is installed completely in- 
side cabinet except for the exposed 
dial and knob adjustment. Relay is of 
the high-voltage type, capable of con- 
trolling motors up to 1 hp., single 
phase, 110 and 220 volts, a.c.; or 4 hp. 


275 














Bakecite 


220 


d.c. 
knob completely covers the mounting 


on 110 and volts, 


screws. Assembly may be mounted on 
vertical or horizontal surface. Avail- 
able as standard with adjustable 


ranges for heating from 45 to 80 deg. 
F.; for cooling from 75 to 95 deg. F. 
Made only in single pole, single throw 
tvpe, either making or breaking cir- 
cuit on increase of temperature. De- 
troit Lubricator Co., Marquette & Via- 
duct Sts., Detroit, Mich. 


Blue Print Machine 


Tracings up to 42 in. in width and 
to any length can be printed with the 
Model E Blue Print machine. <A half 
cylinder of curved plate glass is bedded 
into the end frame castings and around 
this glass travels an endless canvas 
band. Continuous travel of the band 
brings the sensitized paper and _ trac- 
ings within the printing range of the 


three General Electric vapor tube 
lamps equipped with an aluminum 
satin finished reflector. \ 4 hp. 


motor drives the band and a variable 


speed control gives the speed varia- 
tions in 6 in. per min. to 5 ft. per min. 
\fter passing around the half cylinder 
the tracings are returned to 
Blue prints, 


ot elass, 


the operator. Van Dvke 








black 


and 
white prints, or Ozalid prints can be 


negatives, blue line prints, 


made with this machine. Total power 


consumption is 1,768 watts for the 
three lamps and the motor. Shaw 
Blue Print Machine Co., Ine., 9 


Campbell St., Newark, N. J. 


Jewel Repeating Interval 
Timer 


Designed for use on electrical equip- 
ment requiring continuous interval 
operation. Timing mechanism is 
driven by a small, non-synchronous 
110 volt, a.c. motor, through a train 
of gears. Two operating cams are 
mounted on a shaft rotating one revo- 
lution in 30 min. The rear cam is 
permanently attached while the other 
cam is adjustable in relation to the 
fixed cam. Circuit-closing periods 





min., 


from 1 sec. to 8 the full 
cycle of 30 min. may be obtained. 
Cams operate quick-break single-pole 
switches with silver contacts. As il- 
lustrated, the timer is mounted on a 
cast-iron base 4x4 in., with 
holes in corners for mounting. Grooved 
surface in the fitted with a 
rubber gasket sealing a sheet metal 
cover to make a dust-proof housing 
23 in. high. Contacts rated at 3 amp. 
Designated as type 10-360-8. Walser 
\utomatic Timer Co., Chrysler Bldg., 


New York, N. Y. 


over 


SCTeW 


base is 


Hose Joints 


Substituting nipples and flanges, 


hose joint eliminates all contact be- 
tween metal and = fluid, permitting 
greater flexibilitv. It affords a per 


fect seal in all suction or discharge 
service up to 125 lb. working pressure 
and is for the larger 
diameters of suction or discharge hose 
handling abrasive materials or corro- 
sive liquids. The end built into the 
hose consists of an enlargement, or 
head, reinforced with numerous plies 


recommended 
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rigid 
section. 


surrounding a 
angular 
joint is assembled with the aid of 
flanges and standard bolts. Two suc 
cessive lengths of hose can thus b 


of fabric 
ring of 


Stee 


The 


cross 








split 


bolted together with the rubber ends 


of the hose compressed to form a seal 


Spacing of the bolt holes is standard, 
so that the end of the hose can be fitted 


Whet 


to the end of a standard pipe. 


the bolts are drawn up the pressure of 


the split flange against the flared hos 


end provides a positive and unyielding 


clamping of the joint. Joints are fur 


nished in sizes 14 in. and up. The 
B. F. Goodrich Rubber Co., Akron, 
Ohio. 


Vertical M otoreducers 


Embodying a special design using 
self-priming, reversible oil pump, wit! 
seals and oil throwers designed to pre 


vent escape of lubricant. For double 


or triple reduction, one motor end-bell 


is removed and the frame 


coup!ed 


through an adapter to the gear case, 


forming an integral unit. Gears are 


ot 


precision, single helical type, ot alloy 


steel. Ball or roller bearings are us 


with low speed shaft bearings designed 
overhune 


to handle loads. Slee 





\¢ 








arrying the output shait bearing ex- 


tends above the oil line, the bearing 


ing separately lubricated. Oil is 
irculated by two sets of helical gear 
rotors arranged so that one or the 
ther is effective, depending upon the 
lirection of rotation. Pump is self- 
priming, driven from the first reduc- 
tion gear, pumping a given quantity 
4% oil regardless of viscosity. Oil is 
distributed through spray piping to 
vears and bearings, on the incoming 
ide of the mesh point. Oijling system 
is said to reduce churning losses, giv- 
ng an efficiency of 97 per cent or over. 
\vailable in double reduction ratios 
irom 9.7 to 41.9, and from 45 to 238 in 
triple reduction. Supplied with motors 
from 3 to 75 hp.; 1,750 r.p.m. standard 
with other speeds available. Supplied 
only for downward shaft extension 
The Falk Corp., Milwaukee, Wis. 


Stainless Roller Chains 


Roller chains made of 18-8 stainless 
steel throughout in standard sizes. Ad- 
vantages claimed for this roller chain 
ire appearance, sanitation and service 
lite. They resist the corrosive action 
of fruit and vegetable juices, do not 





] 


discolor even in food industry appli- 
ations where the chain must pass 
through the processed food, and they 
are easier to keep clean. Diamond 
Chain & Mfg. Co., Indianapolis, Ind. 


Nickel-Aluminum Bronze 


nickel-aluminum bronze whose 
Osition 1s approximately 92 per 

‘ent copper, + per cent nickel, and 4 
per cent aluminum. Claimed to have 
ial corrosion-resistance. Can be 
ed in tubing, pipe, sheet, rod and 
vire sizes, has good cold-work- 
ng properties and is ductile and 
lleable. Rods can be drawn to a 


tel streneth of about 100.000. Ib. 
q.in., and yet remain ductile 
nouvsh to be cold headed and _ roll 


tire: led for manufacturing bolts. The 
ss, When measured on the Rock- 
* seale, varies between 70 and 


110, depending on temper. Tensile 
strength ranges from 50,000 Ib. per 
sq.in., in the soft annealed condition 
to 115,000 lb. per sq.in., for hard rolled 
sheet and about 150,000 Ib. per sq.in., 
for very hard drawn wire. The elon 


gation varies trom 70 per cent in twe 
inches to 12 per cent for drawn rods 
and tubes for tensile strength ranging 
trom 50,000 to 120,000 Ib. per sq.in 
Chase Brass & Copper Co., Wate 
bury, Conn 


MANUFACTURERS’ PUBLICATIONS 











Bakelite Bakelite Corp., Bound 
Brook, N. J. Small booklet, 24 pages, 
recounting the development of Bake- 
lite synthetic resins for paints and 
varnishes, giving information on re 
sistance to corrosion and abrasion, and 
data on applications. 


Blower Wheels—B. F. Sturtevant 
Co., In., Hyde Park, Boston, Mass. 
Folder, 4 pages, giving applications and 
performance data on blower wheels. 


Couplings The Poole Foundry & 
Machine Co., Baltimore, Md. Leaflet, 
4 pages, describing improved gear-type 
flexible couplings. 


Electrical Control Equipment 
Square D Co., Detroit, Mich. New cat- 
alog pages for loose-leaf catalog No. 37, 
include prices and descriptions of in 
dustrial switches, panel boards, indus- 
trial circuit breaker and switchboard. 


Electric Motors Westinghouse 
Electric & Mfg. Co., East Pittsburgh, 
Pa. The following five leaflets give 
application, operating characteristics 
and construction: “Type CR Repul- 
sion-Start Induction Motors,’ “Type 
FR Repulsion-Start Induction Motors,” 
“Type FS Polyphase Squirrel-Cage 
Motors,” “Type FK _ Direct-Current 
Motors,” and “Type CS Explosion-Re 
sisting Fan -Cooled Squirrel - Cage 
Motors.” 


Electric Motors \ltis-Chalmers 
Mtg. Co., Milwaukee, Wis. Circular, 4 
pages, illustrating features and con 
struction of squirrel-cage induction 
motors. 


Electric Motors—The Lincoln Ele¢ 
tric Co., Cleveland, Ohio. Circular, 4 
pages, giving construction details and 
outline dimensions for self-protected 
motors. 


Electric Motors—The Master Elec 
tric Co., Dayton, Ohio. Leaflet, 8 
pages, illustrating a complete line oft 
motors, geared-head motors and gen 
erators. 


Finishes—Copper & Brass Research 
\ssociation, 25 Broadway, New York, 
N. Y. Booklet 15-B, 8 pages, 83x11, 
“Coloring Copper, Brass and Bronze,” 
outlining newly developed processes for 
attaining natural patina on copper as 
well as data for obtaining other color 
effects on copper and copper alloys 


Frequency Converters—The Louis 
Allis Co., Milwaukee, Wis. Booklet 


PRODUCT ENGINEERING + JULY 1934 


No. 509-A, 4 pages, with rating, deta 
of construction and data on selectio1 
of motor-driven generators 


Oil Circuit Breakers—\V estinghous« 
Electric & Mfg. Co., East Pittsburgh, 
Pa. Catalog 33, 84x11 in., 7 
“Westinghouse Small 
Breakers,” includes several pages on 
general information, connection § dia 
grams, and ratings followed by catalog 
information, applications, 
tional details, and operation « 
outdoor and 
breakers 


2 pages, 


Oil Circuit 


construc 
f indoor, 
subway oil circuit 


Projection Apparatus The R. \ 
Ferner Co., 930 Investment Bldg... 
Washington, D. C. Catalog No. 577. 
8 pages, describing desk type projec- 
tion apparatus tor inspecting, measur 
ing and photographing profiles. or 
Surfaces. 


Relays—W ard Leonard Electric Co.., 
Mount Vernon, N. YY. Bulietin 131. 
four pages, giving features, dimen 
sions and wiring da 

relays 


ta tor heavy duty 


Roller Bearings—The Bantam Ball 
Bearing Co., South Bend, Ind. Cata 
log, 8 pages, 84x11, describing several 
types of roller bearings designed for 
printing presses. Illustrated is a squar 
box bearing designed to replace bronz: 
boxes without changing the frame 


Stainless Steel—National Tube Co.. 
Pittsburgh, Pa. Bulletin No. 24, 84x11. 
16 pages, “Stainless Steels in the Dairy 
Industry,” gives the properties of 18-8 
alloy steel, corrosion-resistance data. 
fabrication methods, standard sizes and 
tables of weights and dimensions 


Steel—Lukens Steel Co., Coatesville. 
Pa. Booklet, 8 pages, 84x11 in 
“Lukens Cromansil Steel,” listing phys 
ical properties, methods of fabricatior 
and application of an alloy steel having 
a combination of high strength and 
good ductility in the rolled conditior 

Testing Machines Tinius QOlser 
Testing Machine Co., 500 N. 12th St 
Philadelphia, Pa. Booklet No. 9. eight 
pages, describing hvdrauli univer i 
testing machines, tensile testing equi 


ment and wire extensometers 


Valve Operators—Philadelphia Ge 


il 
Works, Philadelphia, Pa Booklet, 28 
pages, 84x11, “Limitorque Control.” 
lustrating and describing the control 
system and its method of operation 
_— 
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Applied Hydro- and 
Aero-Mechanics 


O. E. Tietjens, consulting engineer, 
Westinghouse Electric & Mfg. Co. 
Based on lectures of L. Prandtl, pro- 
fessor at the University of Goettingen 
and director of the Kaiser Wilhelm 
Institute for Flow Research, trans- 
lated by J. P. Den Hartog, assistant 
professor of applied mechanics, School 
of Engineering, Harvard University. 
306 pages, 6x9 in. Clothboard covers. 
Published by the McGraw-Hill Book 
Co., 330 West 42d St., New York, 
N. Y. Price $4. 

One of the books comprising the 
“Engineering Society’s Monographs” 
whose publication is sponsored by 
the four national engineering — so- 
cieties, the American Society of Civil 
Engineering American Institute of 
Mining and Metallurgical Engineers, 
the American Society of Mechanical 
Engineers, and the American Institute 
of Electrical Engineers. 

This book is a companion to Funda- 
mentals of Hydro- and _ Aero- 
Mechanics. The subject matter in- 
cludes the elements of hydro-dynamics 
and the laws of mechanical similarity, 
flow through pipes, boundary layers, 
drag of bodies moving through fluids, 
theory of air foil and experimental 
methods and apparatus for the in- 
vestigation of hydro- and 
dynamics problems. 

\lthough it is stated in the preface 
that the subject matter is presented 
“in a strictly scientific manner, avoid- 
ing a maze of pure mathematical 
formulas by emphasizing the technical 
rather than the mathematical treat- 
ment.” a considerable amount of 
higher mathematics is involved in the 
presentation. This book undoubtedly 
represents the most comprehensive and 
advanced presentation of this subject 
in American literature and will be 
found of great value to engineers and 
research workers. 


aero- 


Fundamentals of Hydro- 
and Aero-Mechanics 


O. E. Tietjens, consulting engineer, 
Westinghouse Electric & Mfg. Co. 
Based on lectures of L. Prandtl, pro- 
fessor at the University of Goettingen 
and director of the Kaiser Wilhelm 
Institute for Flow Research, and 
translated by L. Rosenhead. 265 pages, 
6x9 in. Clothboard covers. Published 
by the McGraw-Hill Co., 330 West 
42d St., New York, N. Y. Price $4. 


Representing probably the most ad- 
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vanced book in American literature on 
this subject, it presents the work of 
the foremost German scientist and re- 
search worker in this field. Quoting 
from the foreword by Dr. Prandtl, “In 
order to assure the reader that the por- 
tions of the book which are based on 
my lectures are a faithful presenta- 
tion of their subject matter, Dr. Tiet- 
jens and | agreed that I should look 
over those parts of the manuscript and, 
where necessary, bring them into 
agreement with my ideas as expressed 
in the lectures. This has been done.” 

This book contains the theory of the 
equilibrium of liquids and gases with 
practical application to balloons and 
airships and then gives a comparatively 
vigorous treatment of motion of the 
“Ideal” liquid with zero viscosity, and 
ends with a chapter on viscous fluids. 
The presentation is scientific in all its 
steps, and of necessity involves a con- 
siderable amount of higher mathe- 
matics. It is written primarily for the 
advanced students of the subject who 
might be engaged in research and de- 
velopment in this field. 


Design of Machine Elements 


Virgil Moring Faires. 458 pages, 
54x84 in. Clothboard covers. Pub- 
lished by The McMillan Co., 60 Fiith 
Ave., New York, N. Y. Price $4. 

Although evidently written for a 
textbook, the author has departed con- 
siderably from the usual form of such 
books. By numerous references to the 
practices of recognized companies, the 
work of research departments, and 
technical publications, the book par- 
takes of the nature of a 
work. 

Relatively a small amount of space 
is devoted to detailed derivations. 
Numerous empirical formulae are 
given, together with charts and tables. 

As an example of the comprehensive 
manner in which the author has 
treated his subject, Chapter VII on 
flat belts and pulleys includes all of 
the general formulae of belt design, to- 
gether with their derivation, gives 
tables on the average efficiency of belt 
joints, the loss of belt capacity in in- 
clined drives, thickness of leather belt- 
ing, gives a chart on the per cent slip 
of belts and quotes numerous 
ences to published articles. 

On the other hand, practically no 
information is given on the design of 
pulleys other than an empirical equa- 
tion for calculating the face width. 
The subject matter on pulleys consists 
of descriptions of various types of pul- 
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available 


leys and the manner i 
which they should be applied. |: 
should be stated, however, that fc 


screw fastenings, riveting,  shait 
gears, bearings, springs, and othe 


machine elements, the design equation 
are given with considerable detail, i: 
addition to which considerable spac: 
is given to commercial consideration 
and practical requirements in desig: 
A total of 56 tables and 364 illu 
trations are included in the book. 


Mechanical Power 
Transmission 
Robert W. Drake. 224 pages, 84x11 
in. 120 illustrations. Paper covers. 
Published by American Leather Belt 
ing Association, 41 Park Row, New 
York, N. Y. Price 25 cents. 


Consisting of a series of 50 reports, 


these studies by the author cove 
driven loads, load characteristics of 
electric motors, fundamentals of belt 


transmission, and_ belt _ efficiency 
Tables and charts are given for select 
ing belt sizes for open drives. 

Advantages and disadvantages ot 
pivoted motor bases, V-belts, and si- 
lent chain drives are presented in a 
critical analysis of operating condi- 
tions in short-center drives. 

Several of the reports describing 
troublesome applications indicate the 
operating conditions that the designer 
must consider in selecting the type 
and size of pulley and belt for a ma- 
chine drive. Factors governing the 
selection of group or individual drive 
are given for the use of the designer 
as well as for the plant maintenance 
man. Specific recommendations ar¢ 
made regarding belt drives for fans, 
woodworking equipment and 
pressors. 

Presented as the observations of a 
man well qualified in this field, this 
series of reports contain much prac 
tical design information. 


com- 


Thermal Conductivity of Some Irons 
and Steels 


Bureau of Standards, Research Pape? 
RP-669, by S. M. Shelton. 10 pages 
Typical commercial materials, including 
cast iron, low-alloy, high-alloy and stain- 
less steel were tested over the temperature 
range of 100 to 500 deg. C. (212 to 932 
deg. F.). At room temperatures the con 
ductivity ranged from 0.665 to 0.148 watts 
per cm. per deg. C., while at 500 deg. C. the 
range of coefficients was much narrower 


> 


from 0.435 to 0.195. With increasing 
temperatures the low-alloy steels de- 
creased in conductivity, but high-alloy 
materials showed an increase. Heat treat- 
ment that changed the structure als’ 


changed the conductivity. Because of the 
many and sometimes conflicting factors 
involved, no general relations were tuund 
between conductivity and compositio! 
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Tension and Compression Springs 


CARL P. NACHOD 
Vice-President 
Nachod & United States Signal Company, Inc. 


T HAS been found that the ordinary 
spring formulas for helical compression 
and extension springs of mean diameter D: 


P = rd’*s/8 D F=2sD'/Gd 


derived by Reuleaux take no account of an 
increased fiber stress as the spring diam- 
eter is decreased, the size of wire remaining 
the same. In the formula for actual stress S$ 
in terms of load P, outside spring diameter 
D. and wire diameter d, the stress s in the 
Reuleaux formulas is multiplied by a factor 
y as given by Wahl, which has a practical 
range from 1.15 to 1.4. That is § = sy; 
and a curve is plotted showing the varia- 
tion of this factor y with the spring index 
ro, Which is the ratio of the outside spring 
diameter D. to the wire diameter d. 

The actual equation of the curve for the 
y factor is, for practical use, too complex 
to be embodied in the Reuleaux formulas. 
But, since only a limited portion of the y 
factor curve is to be used, it is easy to find 
and substitute a simple empirical approxi- 
mate formula that may be so embodied. 
Such a formula is: y = ro/ (ro — 1.42) which 
becomes y = (r + 1) /(r— 0.42) if ris the 
ratio of the mean spring diameter D to the 
wire diameter d. Making this substitution, 
and with G = 11,500,000 for steel springs: 
Pp — 0.393 d° S (r — 0.42) 

r(r+1) 


S dP (r — 0.42) 
3,660,000 (r + 1) 











It is stated that the best ratio r is equal 
to 8. It should certainly not be less than 4, 
and may range to 10. It can be seen that a 
decrease of this ratio with the same stress 
and wire size will make a longer spring of 
smaller diameter, and an increase of same, a 
shorter spring of larger diameter. Substitut- 


ing the optimum value of 8 in the two for- 
mulas, they reduce to: 
P= St /AAZ F = Sd/68,000 

The chart on the page following presents 
these equations using two scales at right 
angles for two of the variables and a family 
of lines for the third. Each ray from the 
right-hand focus applies to wire diameters 
on the left scale, or vice versa, and to cor- 
responding deflections on the upper scale, 
for one ratio only, there being seven rays for 
the seven ratios. Each ray from the left- 
hand focus applies to the same scale of wire 
diameters on the left and to corresponding 
loads on the lower scale, for one ratio. 

The curves in the chart are for a fiber 
stress of 60,000 lb. per sq.in. The values 
of P and F for 75,000 and 90,000 Ib. per 
sq.in. are vertically aligned on the appro- 
priate parallel scale, both above and below 
the diagram. The location of additional 
parallel scales for other stresses are shown. 

As an example, the index lines show that 
for a load of 20.1 Ib., 0.09 in. diameter wire 
is required for ratio of 8, from which is cal- 
culated 0.72 in. mean spring diameter. The 
chart also shows that this load will produce 
a deflection per turn of 0.0795 in. at 60,000 
lb. per sq.in. At 75,000 and 90,000 lb. per 
sq.in. respectively, the load would be 25.1 
and 30.2 lb., and the deflections 0.0993 and 
0.119 in., as may be seen by prolonging the 
vertical index line. 

As another example, assume that the 
actual stress S and load P are to be found 
for a spring, d = 0.032 in., F = 0.092 in. 
and r= 10. Draw a horizontal at d = 0.032 
across the diagram. Project its intersec- 
tion with ray r = 10 (from the right-hand 
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focus) upon F above for scale 60,000, and 
F 0.046 Now draw a ray 
through the point F = 0.092 on the 60,000 
scale to the focus for S scales (upper right) 


read in. 


and intersect this with a vertical through 
F = 0.046 on 60,000. 
section horizontally to the right and read on 
the scale for § = 120,000 Ib. per sq.in. (not 
shown), which will be the actual unit stress. 


Project this inter- 


Project the intersection of the previously 


drawn horizontal at d = 0.032 with the ray 


r = 10 (from the left-hand focus) upon P 
at 60,000 below and continue it to intersect 
the 
across. 


120,000 S$ scale drawn _ horizontally 
Intersect this scale with a ray from 
the S focus (lower left). Where this cuts 
the 60,000 P scale at 4.2 lb. is the load for 
120,000 Ib. per sq.in. stress. 


F=Inches Deflection per Turn at Stress Indicated = 
0.24 0.2! 018 015 0.12 0.10 9097" 
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For steel wire 
G= 11,500,000 
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diameter D to wire diameter d 
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Scales for other stresses can be constructed by drawing a horizontal through the point in the 
scale for § and graduating it by means of diagonals through the corresponding gradua tions 
in the other scales,as shown by the long dashed lines 
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